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SOME  NOTES  ON  TROPICAL  WATER  SUPPLY  AND 
STUDY  OF  FILTRATION  AT  PANAMA.* 

BY    HERBiAN    K.    HIGOINS. 

AISCUSSION. 

[January  184,  19i^.] 

Mr.  E.  W.  Clarke  f  (by  letter).  This  paper  is  of  special  interest 
to  the  writer  as  he  was  resident  engineer  on  the  Colon  Water 
Works  during  most  of  the  time  referred  to  by  Mr.  Higgins. 

The  first  part  of  Mr.  Higgins's  paper  is  evidently  intended  to  be 
more  interesting  from  a  hiunorous  standpoint  than  from  an  engi- 
neering one,  but  I  think,  in  justice  to  those  connected  with  the 
work,  the  impression  which  might  have  been  left  in  the  mind  of  any 
one  reading  this  paper  that  the  development  of  the  supply  for  Cris- 
tobal and  Colon  was  a  haphazard  operation  should  be  corrected. 

Colon  was  built  by  and  because  of  the  Panama  Railroad,  and  while 
the  writer  has  no  personal  knowledge  of  the  early  water  supply  at 
this  city,  as  soon  as  the  railroad  shops  were  established,  a  supply 
was  furnished  to  them  from  a  small  reservoir  at  Mt.  Hope,  and 
incidentally  the  inhabitants,  who  were  mostly  railroad  people, 
were  supplied  with  water  during  the  dry  season.  During  the 
balance  of  the  year,  —  that  is,  from  the  middle  of  April  to  the  end 
of  December,  —  no  artificial  supply  was  necessary  for  drinking 
pmposes,  and  such  things  as  closets  or  baths  did  not  exist  outside 
of  the.  houses  of  a  very  few  of  the  higher  officials.  As  Mr.  Higgins 
states,  water  was  at  times  brought  from  the  Frijoles  River  for 
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drinking  purposes  only,  and  supplied  to  the  people  at  the  water 
stations,  one  of  which  is  shown  on  Plate  III  of  Mr.  Higgins's 
paper. 

The  Panama  Railroad  Company  had  at  least  two  sources  of 
supply  during  the  years  previous  to  1900,  both  of  which  were 
extremely  small,  but  were  sufficient  to  serve  their  purposes,  and 
they  never  pretended  to  supply  the  city  of  Colon  with  water.  The 
water  stations  were  maintained  for  the  use  of  their  own  employees 
during  the  dry  season,  who  received  water  free,  and  for  non- 
employees  on  the  payment  of  a  nominal  fee. 

After  Cristobal  was  built,  a  water  supply  was  obtained  for  a 
time  from  the  west  side  of  Limon  Bay,  as  described  by  Mr.  Higgins, 
from  a  stream  draining  a  very  small  catchment  area  on  the 
east  side  of  the  hills  east  of  the  Chagres  River.  Later,  an  in- 
filtration well  was  sunk  near  Mt.  Hope  Station,  —  or  Monkey 
Hill,  as  it  was  then  called,  —  three  standpipes  holding  about 
30  000  gal.  erected  on  a  nearby  hill,  and  a  4-in.  main  laid  to  Cris- 
tobal with  a  small  distribution  system  in  the  town.  No  connections 
were  made  to  the  houses  with  the  exception  of  two  buildings 
locally  known  as  "  De  Lesseps  palaces,"  while  the  general  in- 
habitants were  served  with  one  hydrant  in  each  street.  In  the 
De  Lesseps  palaces,  a  limited  number  of  faucets  were  placed,  and 
two  shower-baths.  This  system  was  not  in  operation  when  the 
United  States  took  possession  of  the  canal  in  May,  1904, 
but  the  resident  engineer  on  the  canal  work  at  Cristobal  repaired 
the  pump  at  the  well,  and  got  the  system  into  partial  nmning 
order  sometime  in  June  of  that  year. 

The  writer  arrived  on  the  Isthmus  in  the  latter  part  of  July, 
and  reconnoissanccs  and  surveys  were  begun  for  the  location  of 
an  adequate  supply  of  water  for  both  Colon  and  Cristobal.  The 
possible  sources  were  four  in  nmnber,  and  three  were  quickly 
eliminated  for  economic  reasons.  The  fourth  was  on  Brazos  Brook 
about  two  miles  east  of  Mt.  Hope  Station,  and  it  was  largely  a 
matter  of  Hobson's  choice  that  this  brook  was  selected  as  a  source 
of  supply,  as  it  was  recognized  from  the  beginning  that  the  reser- 
voir would  be  a  shallow  one,  and  that  conditions  would  be  ideal 
for  the  growi:h  of  algse.  A  report  on  the  subject  with  plans  and 
recommendations  as  to  details  of  w^ork  was  made  to  my  superior 
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in  December,  1904,  and  authorization  to  begin  construction  was 
received  in  March,  1905. 

In  December,  1904,  I  was  instructed  to  take  charge  of  the 
maintenance  of  the  water  supply  for  Cristobal,  and  as  the  in- 
filtration well  mentioned  gave  evidence  that  it  would  be  unable 
to  supply  the  demand,  it  was  imperative  that  some  (Juickly  avail- 
able substitute  be  found.  About  three  quarters  of  a  mile  east  of 
the  railroad  at  Mt.  Hope  was  the  unfinished  east  diversion 
channel  for  the  Chagres  River,  connecting  at  Mindi  with  the 
Mindi  River,  which  in  turn  flowed  into  Limon  Bay.  The  water 
in  the  channel  during  the  wet  season  was  fresh,  and  it  was  hoped 
that  the  volimie  was  great  enough  so  that  it  would  remain  at 
least  suitable  for  boiler  use  during  the  dry  season. 

Two  old  French  pumps  were  set  up  at  the  end  of  this  channel, 
and  a  pipe  line  laid  to  connect  with  the  standpipes  mentioned 
as  being  part  of  the  old  French  system.  At  this  time,  no  cast-iron 
pipe  had  been  delivered  on  the  Isthmus,  and  this  line  was  made  up 
of  old  French  pipe,  both  cast-  and  wrought-iron,  from  2J  in.  to 
4  in.  in  diameter.  As  very  few  specials  were  to  be  found  in  the 
storehouse,  changes  from  one  size  to  another  were  made  by  pushing 
the  smaller  pipe  into  the  larger,  leading  up  the  joint  as  w6ll  as 
possible,  and  placing  concrete  around  it.  The  result  of  such  con- 
struction was,  of  course,  enormous  friction.  The  static  head  was 
about  35  lb.,  but  the  pumps  habitually  ran  under  pressure  of  65 
to  70  lb.,  and  as  they  were  not  designed  to  work  under  such  pres- 
sures, the  leather  valves  were  continually  giving  out. 

In  spite  of  this,  we  managed  to  pump  about  30  000  gal.  per  day 
into  the  standpipes.  This  was  largely  due  to  the  patience  and 
efficiency  of  the  white  machinist  in  charge  of  the  pumps,  who 
lived  in  a  shack  within  a  stone's  throw  of  the  station,  and  was 
up  at  all  hours  of  the  day  and  night  endeavoring  to  make  up  for 
the  inefficiency  of  the  plant  with  which  he  was  working.  His 
assistants  were  Jamaica  negroes,  who  were  usually  extremely 
ignorant  and  careless,  and  twice,  during  the  operation  of  these 
pumps,  crown  sheets  were  bximed  out,  necessitating  the  replace- 
inent  of  the  boiler. 

The  pumps  were  not  the  only  source  of  trouble  in  operating  the 
system.    Leaks  were  of  weekly  occurrence  in  the  pipe  line,  and 
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one  valve  had  an  annoying  habit  of  closing  from  its  own  weight 
on  account  of  the  thread  being  stripped  from  the  stem.  The 
"  very  short,  very  fat,  very  profane  "  man,  spoken  of  by  Mr. 
Higgins,  spent  most  of  his  waking  time  keeping  this  Une  in  service. 

As  Mr.  Higgins  states,  a  distribution  system  was  laid  through 
Cristobal,  and  early  in  1905  practically  all  the  houses  were  provided 
with  showers  and  water-closets,  which  was  a  decided  improvement 
over  the  condition  six  months  previous,  when  there  were  two 
shower-baths  in  town  and  water-closets  were  unknown. 

By  the  1st  of  April,  the  water  in  the  diversion  canal  became 
brackish  and  finally  practically  salt  water,  so  it  was  used  only  for 
flushing  purposes.  For  drinking  purposes  during  the  early  part 
of  the  dry  season,  dependence  was  placed  on  the  rain-water 
barrels,  which  had  been  screened  by  the  sanitary  division,  and  as 
these  barrels  were  generally  in  places  easily  accessible  to  any  one, 
the  consequence  was  that  the  negroes  took  water  from  any  tank 
they  saw  fit,  and  by  the  1st  of  February  the  supply  Was  practically 
exhausted.  Recourse  was  had  to  six  reserved  rain-water  tanks 
having  a  combined  capacity  of  65  000  gal.,  and  while  an  effort 
was  made  to  restrict  the  use  of  this  water  to  drinking  exclusively, 
and  daily  permits  were  issued  for  this  purpose,  doubtless  a  con- 
siderable portion  was  used  for  washing.  This  tank  supply  finally 
failed,  and  water  was  then  hauled  from  Frijoles  by  the  railroad  for 
a  period  of  two  or  three  weeks,  and  pumped  into  tanks,  as  shown 
by  Plate  I  of  Mr.  Higgins^s  paper,  which  is  a  view  probably  taken 
in  April,  1906,  in  the  easterly  part  of  Cristobal. 

In  May  or  June,  pipe  began  to  arrive  from  the  United  States 
for  use  in  the  Panama  system,  and  sufficient  6-in.  pipe  was  di- 
verted to  relay  the  line  from  the  diversion  canal  to  the  tanks,  and 
also  to  repair  the  4-in.  line.  The  pressure  on  the  pumps  promptly 
dropped  to  about  40  lb.,  and  our  pump  troubles  were  over.  Previ- 
ous to  this,  a  small  dam  had  ])een  built  near  the  pumps,  which 
collected  wafer  from  a  small  drainage  area,  and  the  heavy  rains 
of  the  latter  part  of  May  filled  the  pond,  and  gave  fresh  water 
for  use  at  Cristobal. 

It  was  realized  that  it  would  be  impossible  to  construct  the  main 
dam,  outlined  in  the  report  on  the  Colon  Water  Works,  in  time  for 
use  during  the  dry  season  of  1905-6,  and,  therefore,  the  temporary 
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dam  at  the  upper  end  of  the  watershed  was  constructed  during  the 
summer  of  1905.  Here  again,  we  were  working  under  most  ad- 
verse circimastances,  due  principally  to  lack  of  material.  For 
instance,  in  order  to  control  the  water  during  the  placement  of 
the  embankment,  a  4-ft.  flume  was  designed  to  pass  through  the 
dam,  and  as  it  was  impossible  to  get  any  dimension  liunber  on 
the  Isthmus  at  that  time,  it  was  built  up  of  four  layers  of  1-in. 
tongued  and  grooved  California  redwood,  nailed  together  on 
forms,  giving  practically  a  circular  section,  and  reinforced  with 
telegraph  wire,  clinched  up  by  means  of  home-made  contrivances 
around  the  outside.  This  makeshift  naturally  enough  gave  trouble, 
and  befbre  the  dam  was  entirely  finished,  we  were  forced  to  place 
posts  nearly  its  entire  length  to  prevent  its  crushing. 

The  site  of  the  temporary  dam  was  nearly  a  mile  from  the  end 
of  the  narrow  gage  railroad  to  the  main  dam,  and  neither  time  nor 
number  of  men  permitted  the  construction  of  a  roadbed  capable 
of  supporting  even  our  three-ton  locomotives,  so  a  line  on  which 
cars  were  pushed  by  hand  was  laid,  and  over  this  was  hauled  such 
material  as  we  were  absolutely  forced  to  import  for  the  construc- 
tion of  the  dam.  The  cost  of  transporting  coal  prevented  the  use 
of  steam  for  pumping,  and  an  old  hand  fire  engine,  which  we  found 
at  Cristobal,  was  put  into  service  at  the  dam,  and  pumped  water 
to  puddle  the  bank.  This  dam  was  finished  in  time  to  collect  the 
rainfall  during  October  and  November,  1905,  but  the  abutting 
hills  and  the  foundations  proved  so  very  pervious  that  a  very 
considerable  leakage  occurred,  and  a  secondary  dam  was  built 
a  few  hundred  feet  down  stream.  The  8-in.  spiral  riveted  pipe 
line  passed  through  this  latter  dam,  and  towards  the  end  of  the 
1905-6  dry  season,  the  leakage  from  the  upper  dam  was  admitted 
into  the  pipe  at  this  point,  so  that  while,  as  Mr.  Higgins  states, 
the  water  in  the  upper  reservoir  was  below  the  outlet  of  the  pipe, 
a  large  proportion  of  it  was  eventually  caught  and  used  at  the 
lower  dam.  In  the  meantime,  the  20-in.  pipe  line  from  the  main 
reservoir  for  Colon  had  been  laid  as  far  as  the  diversion  channel, 
a  connection  made  with  the  pump  at  this  point,  and  Cristobal 
was  supplied  from  Brazos  Brook-shed  during  January  and  Febru- 
ary, 1906.  When  this  supply  finally  gave  out,  recourse  was  had 
to  the  diversion  canal,  salt  water  was  again  pumped  into  the 
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mainSy  and  tank  cars  brought  fresh  water  down  from  Frijoles. 
The  writer  left  the  Isthmus  in  May  of  1906,  and  has  no  personal 
knowledge  of  later  conditions. 

The  only  claim  which  the  work  done  by  the  Municipal  Divi- 
sion on  the  Isthmus  during  1904-6  has  for  recognition  by  the 
profession  is  in  the  difficulties  under  which  it  was  accomplished. 

Fortunately,  the  morale  of  the  engineering  force  was  most  ex- 
cellent, and  every  one  of  the  men  did  the  best  he  could  to  make 
the  work  a  success,  and  it  was  owing  to  this  attitude  on  the  part 
of  the  members  of  the  force  that  in  spite  of  difficulties  due  to  lack 
of  material  and  of  labor  that  the  first  two  years  of  the  American 
occupation  of  the  Isthmus  saw  the  completion  of  the  design  and 
construction  of  water  works  and  sewer  systems  for  practically 
every  town  on  the  Isthmus  and  also  for  the  cities  of  Colon  and 
Panama.  The  men  put  up  with  discomforts  and  inconveniences 
of  which  later  arrivals  on  the  Isthmus  had  very  little  idea,  and 
while  the  experience  can  be  laughed  at  as  we  look  back  upon  it, 
it  was  anything  but  laughable  at  the  time;  and  the  work  done, 
while  doubtless  having  many  defects,  was  the  result  of  a  great 
deal  of  hard  work  and  ingenuity  on  the  part  of  every  member 
of  the  Municipal  Division.  What  has  been  said  of  the  work  at 
Colon  and  Cristobal  appUes  with  equal  force  to  the  work  done 
at  all  the  towns  across  the  Isthmus. 


WALKER. 


THE  RELATIVE  CORROSION  OF  IRON  AND  STEEL  PIPE 
AS  FOUND  IN  SERVICE.     [ABSTRACT.] 

BY     WILLIAM     H.     WALKER,     PH.D.,      PROFESSOR      OF      INDUSTRIAL 

CHEBflSTRY    AND    DIRECTOR    OF    THE    RESEARCH    LABORATORY 

OF  APPLIED  CHEMISTRY,  MASS.  INSTITUTE  OF  TECHNOLOGY. 

[Read  December  IS,  1911.] 

There  are  few  subjects  relating  to  the  corrosion  of  metals  which 
have  received  so  much  attention,  or  around  which  there  has 
centered  so  spirited  a  discussion,  as  the  relative  merits  of  iron 
(meaning  thereby  wrought  iron)  and  steel.  The  fact  that  this 
matter  is  one  still  receiving  attention,  notwithstanding  the  great 
volume  of  accumulated  and  available  literature,  is  due  to  a  num- 
ber of  causes,  among  which  may  be  mentioned;  —  first,  that 
although  the  words  "  iron  *'  and  "  steel "  carry  with  them  a 
definite  idea  as  to  general  methods  of  manufacture  and  some 
of  the  more  easily  discernible  properties,  they  convey  no  idea 
as  to  standards  of  value.  It  is  possible  to  make  very  poor  iron 
and  very  good  steel,  and  it  is  just  as  possible  to  make  the  reverse. 
Hence,  when  an  investigator  compared  the  corrosion  of  a  poor 
iron  with  a  good  steel,  he  obtained  results  which  favored  steel; 
when  the  material  under  study  was  the  reverse,  iron  was  shown 
to  be  the  more  resistant  metal.  Second,  there  is  a  woeful  lack 
of  uniformity  of  conditions  obtaining  in  many  if  not  most  of 
the  experiments  which  have  been  carried  on  for  the  purpose 
of  comparing  resistance  to  corrosion.  Sonie  specimens  were 
large,  some  small;  some  cleaned  of  scale,  others  not;  some  im- 
mersed in  deep  water,  others  in  shallow  water,  etc.  The  corro- 
sion of  iron  is  so  sensitive  to  changing  conditions  of  surface,  oxygen 
concentration,  salts  in  solution,  and  the  like,  that  only  when  the 
most  careful  preparation  is  made  to  maintain  all  conditions  con- 
stant, is  a  comparative  test  of  value.  We  will  not  discuss  these 
conditions  hefe,  but  take  pleasure  in  referring  the  reader  to  that 
most  excellent  book,  **  The  Corrosion  of  Iron  and  Steel,''  by  Dr. 
J.  Newton  Friend,  where  a  complete  treatment  of  the  general  sub- 
ject will  be  found.     Third,  many  times  opinions  are  formed  and 
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expressed  by  the  casual  observer  which  fail  to  take  into  considera- 
tion not  only  the  fundamental  conditions  necessarj"-  to  accurate 
comparative  work,  but  also  less  obvious  conditions  which  make  a 
comparison  unreliable.  For  example,  a  person  may  notice  the 
rapid  rusting  of  a  cheap  grade  of  steel  wire  fencing  which  had 
originally  but  a  wash  of  zinc  as  a  substitute  for  galvanizing,  and 
thus  become  suspicious  of  the  durability  of  all  steel.  Or  he  may 
notice  holes  in  a  metal  roof  put  up  in  place  of  a  material  known  to 
have  lasted  a  much  longer  time  than  the  new  roof.  He  concludes 
that  the  later  is  of  less  value  without  having  any  knowledge  of  the 
change  of  conditions  in  the  locality,  class  of  metal,  and  the  thickness 
of  the  new  roof,  nature  and  thickness  of  the  galvanizing  or  other 
protective  coating,  and  so  forth. 

Owing  to  the  proverbial  conservatism  of  New  England,  the 
introduction  of  steel  pipe  has  been  slower  in  this  territory  than  in 
other  parts  of  the  country.  There  is  a  tendency  to  pronounce  any 
pipe  which  withstands  corrosion  as  being  wrought  iron,  while  the 
fact  that  a  pipe  corrodes  easily  is  considered  by  many  proof  in 
itself  that  it  is  steel. 

To  determine  what  the  facts  actually  are  in  regard  to  the  rela- 
tive life  of  service  pipes  which  have  been  in  constant  use  for  a 
considerable  number  of  years  throughout  New  England,  an  investi- 
gation was  undertaken  in  which  it  was  proposed  to  seek  out 
instances  where  steel  and  iron  pipe  had  been  used  together  in  the 
same  system;  and  further,  where  the  two  kinds  of  metal  were 
separated  in  this  system  only  by  a  coupling.  Any  influence  which 
the  coupling  might  have  would  be  present  equally  with  the  iron  and 
with  the  steel,  while  conditions  of  oxygen  concentration,  tempera- 
ture, pressure,  flow  of  water  or  steam,  etc.,  would  be  as  nearly 
identical  for  the  two  kinds  of  metal  as  it  is  possible  to  obtain.  It 
was  intended  also  to  collect  in  this  way  material  of  known  resistance 
or  tendency  to  corrosion,  in  order  to  further  test  the  ai)plicabihty 
or  truthfulness  of  the  so-called  ^*  acid  corrovsion  test."  While  the 
majority  of  the  pipe  so  obtained  was  from  hot  and  cold  water  feed 
systems,  enough  were  selected  from  live  and  exhaust  steam  lines, 
hot-water  and  steam-heating  systems,  etc.,  to  make  the  conclusions 
drawn  of  general  application.  The  investigation  was  necessarily 
tedious  in  that  each  i)ipe  had  to  be  examined  to  determine  whether 
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it  was  of  iron  or  steel,  and  many  instances  were  found  that  would 
have  served  our  purpose  well,  but  where  it  was  impossible  to 
remove  the  pipes  from  the  system.  The  pipes  were  sent  to  the 
laboratory  where  they  were  each  split  lengthwise  into  halves,  and 
carefully  cleaned  from  scale  and  rust  by  soaking  in  an  ammonium 
citrate  solution,  with  an  occasional  brushing.  In  this  way  the 
scale  and  rust  were  removed  without  dissolving  any  of  the  iron. 
An  estimation  of  the  extent  of  corrosion  was  made  by  measuring 
with  a  micrometer  gage  the  ten  deepest  pits  per  unit  distance  of 
length. 

The  results  are  a  splendid  vindication  of  the  principle  that  if  oxy- 
gen be  excluded  or  taken  from  water,  no  corrosion  will  take  place. 
Wh^n  the  water  in  the  lines  examined  was  stagnant,  as  in  fire- 
sprinkler  systems  for  buildings,  or  in  lines  where  the  water  was 
circulated  over  and  over  again  without  exposure  to  the  air,  as  in 
some  hot-water  heating  systems,  no  corrosion  was  to  be  observed. 
On  the  other  hand,  where  fresh  water  was  constantly  added  to  the 
system,  and  heated  within  the  system,  corrosion  was  very  rapid 
and  in  some  cases  excessive. 

We  were  able  to  get  sixty-four  comparisons  of  iron  and  steel  where 
the  history  of  the  installation  was  known.  The  results  are  as 
follows: 

Comparisons  where  iron  was  found  more  corroded  than  steel,  20 

Comparisons  where  steel  was  found  more  corroded  than  iron,  18 

Comparisons  where  steel  and  iron  were  equally  corroded,  9 

Comparisons  where  corrosion  was  negligible,  17 

• 

These  results  again  demonstrate  that  taken  on  the  average  there 
is  no  difference  in  the  corrosion  of  iron  and  steel  pipe.  Conversa- 
tions held  with  the  engineers  in  charge  of  plants  during  this  in- 
vestigation coxifirm  the  statement  already  made  that  a  pipe  is 
frequently  called  steel  when  corrosion  is  found  to  be  excessive, 
while  it  is  set  down  as  iron  if  it  rusts  but  little. 

In  order  to  get  some  measurement  of  the  influence  of  oxygen  in 
the  water  of  the  modern  hot-water  supply  system,  a  relatively 
large  scale  experiment  was  carried  on  at  the  plant  of  the  Walworth 
Manufacturing  Company  in  South  Boston.  Two  coils  made  up 
from  pieces  taken  from  the  same  length  of  pipe  were  each  fed  with 
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water  from  the  same  source  at  the  same  temperature.  In  one  case 
the  water  was  heated  to  85  degrees  cent,  in  an  open  tank,  while 
in  the  other  the  water  was  heated  to  the  same  temperature  in  a 
dosed  tank.  The  feed  water  contained  on  the  average  5.85  cc.  of 
oxygen  per  Uter,  and  passed  through  each  coil  at  the  rate  of  one- 
half  gallon  per  minute.  After  running  1  750  hours  the  coil  fed 
with  water  heated  in  an  open  tank  had  lost  22  gm.^  while  the 
coil  fed  with  w^ater  heated  in  a  closed  tank  had  lost  155  gm.  In 
neither  case  was  the  oxygen  completely  removed;  if  the  water  in 
the  open  tank  had  been  gently  boiled j  corrosion  in  the  coil  fed  with 
this  water  would  have  been  entirely  prevented. 

In  order  to  show  what  relation  may  exist  between  the  so-called 
acid  corrosion  test  and  the  real  corrosion  as  found  in  service, 
eleven  pairs  of  iron  and  steel  were  selected  and  subjected  to  20 
per  cent,  sulphuric  acid  for  four  hours  at  room  temperature.  Four 
pairs  were  selected  in  which  the  steel  was  decidedly  better  than  the 
iron  in  service,  four  in  which  the  iron  had  shown  decidedly  better 
than  the  steel,  and  three  in  which  there  was  no  difference  between 
the  two  metals. 

In  six  instances  the  relative  corrosion  as  shown  by  the  sulphuric- 
acid  test  corresponded  with  the  corrosion  as  found  in  service.  In 
five  instances  corrosion  as  shown  by  the  acid  test  was  exactly 
contrary  to  that  foimd  in  service.  Although  the  greatest  care  was 
taken  to  have  the  specimens  of  the  same  size,  cleaned  in  the  same 
way,  and  in  the  same  physical  condition,  the  results  show  that  no 
reliance  can  be  placed  in  this  accelerated  acid  test,  but  that  it 
may  be  entirely  erroneous  and  very  misleading.  Not  only  did 
the  acid  test  not  agree  with  the  service  test  when  steel  was  com- 
pared with  iron,  but  the  steels  failed  to  agree  among  themselves, 
and  the  irons  showed  no  agreement  when  considered  by  themselves. 

DISCUSSION. 

The  President.  It  was  known  long  ago  that  pipes  rusted, 
corroded,  and  in  time  had  to  be  replaced.  But  when  pipes  are 
corroded  there  is  action  and  reaction;  the  pipe  is  destroyed  and 
the  water  also  is  affected.  Some  of  the  iron  goes  into  solution  in 
the  water,  and  afterward,  when  the  water  is  drawTi,  the  iron 


DISCUSSION.  11 

separates  and  makes  the  red-water  trouble  we  have  heard  so  much 
about. 

Now,  my  friends  the  pipe  men  tell  me  that  if  we  will  only 
give  them  a  decent  water  to  put  through  the  pipes,  the  pipes  will 
be  all  right,  and  some  of  the  superintendents  say  that,  if  we  only 
had  decent  pipes  to  send  the  water  through,  the  water  would  be 
all  right.  There  is  probably  some  truth  on  both  sides,  and  we 
want  to  find  out  to-day  sis  much  about  it  as  we  can,  and  see  what 
kind  of  treatment  will  clean  up  this  red-water  trouble.  We  have 
heard  from  Professor  Walker  of  the  Institute  of  Technology,  who 
has  been  studying  this  subject  most  carefully  for  several  years, 
and  have  discovered  a  new  point  of  view  as  to  the  quality  of  water. 
We  are  to  consider  it  from  the  standpoint  of  the  pipe.  We  have 
learned  that  a  good  water,' from  the  standpoint  of  the  pipe,  is  one 
that  does  not  carry  oxygen,  that  does  carry  plenty  of  organic 
matter,  and  that  is  also  hard. 

Now,  gentlemen,  that  is  not  the  standard  we  have  been  working 
for  from  the  standpoint  of  the  consumer.  Perhaps  we  have  been 
looking  at  it  frcHn  a  wrong  point  of  view.  We  have  been  trying 
to  give  the  people  water  which  was  good  for  them,  but  perhaps  we 
shall  have  to  turn  about  and  give  the  pipe  water  that  is  good  for 
the  pipe. 

Mr.  Speller  represents  a  company  which,  a  few  years  ago,  was  a 
very  large,  perhaps  the  largest,  manufacturer  of  wrought-iron  pipe 
in  the  coimtry,  and  his  company  has  now  given  up  making  wrought- 
iron  pipe  and  is  making  only  steel  pipe.  I  am  going  to  call  upon 
him  to  say  what  he  can  for  himself,  and  justify  his  course  if  he  can. 
And  in  doing  this,  I  want  him  to  bear  in  mind  that  this  is  not 
altogether  a  question  between  steel  pipe  and  wrought-iron  pipe; 
it  is  not  a  question  whether  he  can  get  the  wrought-iron  business 
for  the  steel  pipe,  but  it  is  a  question  whether  either  steel  pipe  or 
wrought-iron  pipe  is  going  to  answer  the  requirements  of  the 
members  of  this  Association  for  the  water  which  they  supply  to 
their  consumers. 

Mb.  F.  N.  Speller.*  Mr,  President  and  Gentlemen^  —  From 
what  has  just  been  said  I  judge  you  are  aware  that  we  have 
followed  this  question  as  between  wrought  iron  and  steel  pretty 

*  Metallurgical  Engineer,  Pittsburg,  Pa. 
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closely,  and  that  we  have  been  particularly  interested,  especially 
during  the  past  six  or  eight  years,  in  the  matter  of  durability. 
Naturally  so,  because  most  of  our  product  cannot  usually  be 
protected  by  coatings,  and  therefore  it  becomes  very  important 
to  make  it  as  durable  as  possible  in  the  natural  state.  Our  work 
has  been  very  largely  furthered  by  the  researches  of  such  scientific 
investigators  as  Professor  Walker.  They  have  laid  the  founda- 
tion on  which  we,  who  have  less  time  to  go  deep  into  fundamental 
principles,  have  worked. 

Dr.  Walker's  work  has  been  so  extensive  in  New  England  as  to 
be  practically  conclusive  as  regards  pipe  in  that  district;  but  it 
may  be  just  as  well  to  give  the  results  of  similar  investigations  in 
other  localities  which  Dr.  Walker's  researches  closely  corroborate 
in  order  to  broaden  out  the  scope  of  our  conclusions. 

We  have  records  of  four  similar  investigations  (Table  1,  page  17) 
made  on  pipe  in  water  lines  where  wrought  iron  and  steel  were  used 
together;  I  do  not  know  why  they  were  put  in  together,,  but  there 
they  were  so  found.     More  than  likely  it  was  simply  accidental. 

In  the  first  place,  you  will  find  in  the  Engineering  News  of  De- 
cember, 1910,  a  report  on  the  condition  of  the  hot-water  lines  in 
the  New  York  City  bath  houses,  made  by  Prof.  Ira  Woolson  for 
the  city  of  New  York.  Eighty-nine  samples  were  secured,  seven- 
teen of  which  were  wrought  iron.  The  corrosion  was  reported  as 
practically  equal. 

The  next  one  we  come  to  is  an  investigation  made  in  the  boiler 
feed-water  lines  of  the  Frick  Coke  Company,  at  Scotdale,  Pa. 
Here  we  have  an  entirely  different  class  of  water  in  a  different 
locality.  The  relative  corrosion  there  was  found  to  be  100  in  the 
case  of  wrought  iron  as  against  99  in  the  case  of  steel.  The  average 
depth  of  the  pitting  in  21  lots,  including  the  wrought  iron  and  steel 
samples,  was  .112  of  an  inch  in  the  wrought  iron  and  .108  in  the 
steel.  In  all  these  investigations  there  was  found  for  the  same 
length  of  exposure  a  very  considerable  difference  between  one 
sample  and  another,  as  much  as  25  per  cent,  one  way  or  the  other, 
but  on  averaging  up  a  sufficient  number  of  samples  in  the  same 
system,  or  in  different  systems,  and  making  comparison,  the 
results  come  out  almost  exactly  the  same,  as  Dr.  Walker  has 
found  in  New  England. 
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Another  investigation  was  made  in  the  Cresson  coal  fields, 
with  water  of  various  characters,  and  leads  to  the  same  con- 
clusion, viz.,  — 100  for  the  wrought  iron  as  against  99  for  the 
steel. 

Later  still,  in  the  past  summer,  it  happened  that  the  hot-water 
supply  lines  gave  out  in  the  Allegheny  General  Hospital.  This 
pipe  was  put  in  seven  or  eight  years  ago  and  it  was  decided  to 
remove  the  entire  system.  This  offered  a  splendid  opportimity, 
and  by  arrangement  with  the  architects  we  put  one  of  our  re- 
search men  on  the  plant  with  instructions  to  take  a  sample  from 
each  length  of  pipe  as  it  was  taken  out,  leaving  a  portion  of  each 
length  with  the  architects  for  independent  examination.  Out  of 
69  samples  taken  from  the  hot-water  system,  42  were  wrought 
iron  and  27  turned  out  to  be  steel.  The  average  depth  of  pitting 
in  the  wrought  iron  was  .092  of  an  inch  and  in  the  steel  .094,  — 
practically  the  same  again. 

So  we  have,  including  Dr.  Walker's  research,  over  150 
cases  where  a  true  comparison  between  iron  and  steel  pipe  is 
possible. 

So  many  factors  are  introduced  in  corrosion  where  the  metals 
are  exposed  to  the  atmosphere  or  underground  that  it  becomes 
very  difficult  to  make  a  comparison,  and  no  comparison  can  be 
safely  made  unless  both  materials  are  put  into  service  at  the  same 
time  and  in  such  a  way  as  to  leave  no  doubt  as  to  the  environment 
being  practically  the  same.  The  conditions  which  obtain  inside  a 
water  line  as  in  the  cases  cited  we  can  agree,  I  think,  meet  the 
requirements  of  a  perfect  comparison  as  near  as  can  be,  for  here 
we  have  the  two  materials  coupled  together  and  carrying  the  same 
water  both  as  to  quaUty,  quantity,  and  temperature. 

We  have  made  galvanic  tests  of  wrought  iron  and  steel  to  learn 
if  there  was  any  difference  of  potential  and  find  a  slight  difference, 
but  not  always  in  the  same  direction,  for  sometimes  the  wrought 
iron  and  at  other  times  the  steel  will  be  the  anode.  Moreover, 
the  current  tends  to  reverse  itself  as  corrosion  proceeds,  the  anode 
because  of  the  hydrated  oxide  which  collects  on  its  surface  becom- 
ing the  cathode.  In  any  case  the  current  caused  by  contact  is  so 
exceedingly  weak  as  not  to  influence  the  corrosion  of  the  metal 
more  than  a  small  fraction  of  an  inch  away  from  the  contact,  and 
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all  comparisons  as  to  pitting  in  the  tests  referred  to  were  taken  at 
a  safe  distance  from  the  joint. 

The  results  of  these  experiments  also  indicate  the  error  of  the 
claim  that  absence  of  manganese  *  and  the  presence  of  considerable 
cinder  f  are  controlling  factors  in  lessening  corrosion.  Mill  scale 
which  fonns  on  the  surface  of  iron  and  steel  on  cooling  in  the 
air  has  the  strongest  potential  djiGference  of  all  the  materials  which 
are  likely  to  be  found  in  or  in  contact  with  iron  and  is  the  most 
frequent  cause  of  pitting.  Mill  cinder  which  is  formed  in  irregular 
patches  and  strings  in  puddled  iron  has  about  the  same  difference 
of  potential,  and,  being  decidedly  electro-negative  to  iron,  greatly 
accelerates  the  solution  of  the  metal.  There  may  be  something  in 
the  claim  of  the  mechanical  protection  from  cinder,  for  it  is  a  good 
protector  when  the  entire  surface  of  the  metal  is  covered,  but  this 
protection  becomes  worse  than  useless  when  the  cinder  is  in  ex- 
posed contact  with  the  iron,  as  it  then  causes  corrosion  to  proceed 
at  irregular  and  greatly  accelerated  rates  on  the  exposed  surface, 
which  results  in  the  familiar  phenomena  known  as  pitting. 

Another  instance  where  a  true  comparison  may  be  drawn  might 
be  here  referred  to  (and  many  more  could  be  added),  since  it 
indicates  that  the  general  conclusion  we  are  forced  to  regarding 
pipe  materials  is  not  restricted  to  water  lines.  About  thirteen 
years  ago  in  the  Ohio  and  Indiana  oil  field  some  operators  started 
to  use  steel  casing  for  the  wells  and  it  later  came  to  be  used  ex- 
clusively by  these  companies,  but  for  a  few  years  wrought  iron 
and  steel  were  kept  in  stock  and  put  in  together,  as  it  frequently 
happened,  in  the  same  well.  By  examining  a  number  of  strings  of 
casing  recently  pulled  which  date  back  to  this  period,  cases  were 
found  where  the  iron  and  steel  were  screwed  together,  and  invariably 
where  one  is  affected  the  other  is  damaged  to  practically  the  same 
degree.  The  same  may  be  said  of  the  couplings  which  have  always 
been  made  of  iron,  an  example  of  which  is  shown  in  Plate  I.  So 
far,  then,  as  the  steel  pipe  made  during  the  past  twelve  years  or 
so  is  concerned,  there  appears  to  be  little  to  choose  between  it  and 
the  wrouglit  iron  of  the  same  period.    It  might  be  inferred  from 


•An  investigation  described  in  Journal  of  Iron  and  Steel  InstituU,  Vol.  LXXXIII,  p.  189, 
19Ili  indicates  that  manganese  compounds  tend  to  protect  iron  from  corrusiuu. 
t  See  p.  172  {,Ibid.)  aa  to  the  influence  of  cinder  and  mill  scale. 


CoMPABisoM  OF  Stebl  Pipr  an»  Iron  CoupWom  from 
Indiana  Oil  Piklum,  aptkk  Ki  Ykabs'  Skkvick. 
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this  experience  that  since  some  of  the  factors  controlling  corrosion 
have  been  better  understood  and  steel  has  been  made  with  due 
regard  to  its  durability  in  the  light  of  the  late  scientific  study  of 
corrosion,  that  modern  steel  so  made  is  superior  to  wrought  iron, 
and  tests  under  way  indicate  this  to  be  the  case,  although  non- 
corrodible  iron  has  yet  to  be  discovered. 

How,  then,  some  of  you  will  ask,  can  we  explain  certain  experi- 
ences which  have  been  cherished  almost  as  trade  marks  by  some 
of  our  friends  who  still  claim  to  be  manufacturing  wrought-iron 
pipe?  It  has  been  found  in  a  few  isolated  cases  that  wrought-iron 
pipe  made  before  steel  pipe  was  thought  of  has  outlasted  steel  put 
to  the  same  use  many  years  after.  It  is  hardly  likely  that  the 
wrought  iron  made  in  the  early  days  of  pipe  manufacture  was  so 
much  better  or  the  steel  so  much  worse  than  nowadays,  although 
this  may  in  some  measure  account  for  such  cases.  It  seems  more 
probable  that  the  early  history  of  the  treatment  of  the  surface  of 
these  old  pipe  in  or  after  manufacture,  whereby  it  acquired  some 
effective  protection,  will  account  for  such  cases  of  extraordinary 
resistance  to  corrosion.  The  strong  resisting  qualities  of  a  silicious 
iron  scale  formed  in  manufacture  or  the  natural  scale  formed  and 
dried  on  the  surface  by  years  of  exposure  under  mild  conditions 
of  intermittent  corrosion  may  afford  the  necessary  permanent 
protection,  if  indeed  it  was  not  after  all  due  to  a  forgotten  coat  of 
good  paint,  for  the  early  history-  of  these  isolated  cases  cannot  be 
said  to  be  known  with  any  degree  of  certainty.  In  a  study  of  the 
corrosion  of  metal  on  the  Panama  Canal  two  years  ago,  we  found 
several  cases  of  this  kind  in  looking  over  some  old  French  junk  — 
of  course,  as  in  other  instances,  these  pieces  of  apparently  unpro- 
tected pipe  were  conspicuous  by  their  rarity,  most  of  this  material 
not  so  fortunate  having  dissolved  and  disappeared.  Some  of 
these  pipes  which  showed  no  evidence  of  paint,  but  which  had  a 
thin,  hard,  badly  weathered  scale,  were  threaded  for  a  foot  or  two 
and  hung  up  to  the  moist  breeze  on  the  Pacific  coast  with  some 
pieces  of  new  steel  pipe  of  about  the  same  thickness,  which,  of 
course,  were  similarly  treated.  In  six  months  they  were  both 
badly  and  equally  corroded  and  the  old  iron  was  found  to  have  lost 
more  in  this  time  than  in  the  previous  twepty-five  years. 

The  apparent  inconsistency  between  the  facts  as  found  in  these 
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investigations  and  the  opinions  quite  generally  held  as  to  the 
superiority  of  wrought  iron  is  not  difficult  to  understand  when  we 
consider  — 

1.  How  few  who  hold  to  this  opinion  base  it  on  anything  more 
than  what  they  have  heard  others  talk  of,  whose  experience 
frequently  amounts  to  nothing  but  general  observation  or  infer- 
ence from  results  of  what  they  have  seen  with  iron  or  steel  products 
other  than  pipe,  from  which  it  is  unfair  and  misleading  to  draw 
comparison. 

Confusion  of  opinion  has  resulted  from  treating  the  question  of 
corrosion  too  generally.  We  cannot  compare  all  kinds  of  steel  as 
a  class  with  all  sorts  of  wrought  iron.  We  are  just  beginning  to 
learn  that  well-made  sound  steel  is  not  only  as  durable  as  the  best 
wrought  iron  on  record,  but  for  special  conditions,  for  example, 
where  acid  conditions  prevail,  steel  may  be  made  so  as  to  be  many 
times  more  resistant  than  iron. 

2.  From  the  demonstrated  fact  that  the  majority  of  those 
handling  pipe  day  by  day  are  half  the  time  unable  to  tell  wrought 
iron  from  steel. 

3.  That  corrosion  conditions  are  generally  much  more  severe 
nowadays  and  have  become  more  so,  much  in  the  same  ratio  as  the 
relative  proportion  of  steel  pipe  has  increased,  so  that  it  would  only 
be  natural  to  connect  the  more  general  use  of  steel  with  the  ob- 
served decrease  in  useful  service  of  pipe  in  certain  localities. 

4.  The  important  influence  of  the  man  who  handles  the  pipe, 
who  not  infrequently  prefers  wrought  iron  as  being  somewhat 
easier  to  thread  with  the  average  die  and  because  it  is  a  union- 
made  product  as  against  steel  made  in  non-union  mills. 

All  these  and  other  influences  which  have  been  used  to  fan  and 
keep  alive  a  prejudice,  steel  pipe  has  had  to  contend  with  and  live 
down. 

•  The  President.  Gentlemen,  there  seems  to  be  no  doubt  but 
what  many  samples  of  wrought-iron  pipe  in  the  old  days  lasted 
much  better  than  the  pipe  which  has  been  put  in  recently,  and  Mr. 
Speller,  I  see,  goes  back  to  the  idea  that  perhaps  the  water  that 
they  had  in  the  old  days  was  better  for  the  pipe  than  the  water 
that  we  have  now.  I  expect  that  was  often  the  case,  because  it 
seems  to  be  generally  true  that  the  cleaner  the  water,  the  harder 
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TABLE  1. 

Cases  of  Compabison  of  Wrought  Iron  and   Steel  under  Internal 

Corrosion  in  Warm  Water  Supply  Lines. 

Summary  of  ResuUa  of  InoeatigtUions  an  Record  during  the  Past  Two  Years. 


T  ..^.tSA.. 

Number  of  Cues 
on  Record. 

* 

AVKHAOa  OF 

DaXFBBT  FZT8. 

Reference  for  Details. 

Locality. 

V.I. 

Steel. 

Remarks. 

New  York  City  89  samples  se- 

Equal  100 

100% 

Engineering  NewSj  Dec. 

Bathhoiises . 

c  u  r  e  d,  of 
whiQh  17 

• 

3,   1910,  p.  630;    or 
N.T.C.  Bulletin  No.2. 

were 

• 

Conditions  were  those 

wrought 

of   actual   service   and 

iron. 

pipe  was  tested  to  de- 
struction. 

Frick  Coke  Co. 

21  lots,  com- 

(.112 in. 

hoo% 

.108  in.  i* 
96%  J 

Engineenng    Review, 

Power  Plants 

prising    52 

April,  1911;  or  N.T.C. 

samples,  of 

Bulletin   No.   3;     or 

w  h  i  0  h  26 

Amer.  Soc.  Heating  & 

were 

Ventilating      Engrs., 

wrought 

100% 

99%  t 

1911. 

iron  and  26 

Conditions        were 

steel. 

those  of  actual  service, 
varying  from  6  months 

• 

to  7i-8  years. 

Cresson     Coal 

20  samples,  of 

(  .094  m. 
(100% 

.093  in.  )  X 
99%  J 

Preliminary    report    of 

Fields 

which  10 

J.  J.  Wilson,  Aug.  29, 

were 

1911. 

iron  and  10 

Conditions   those   of 

wrought 

actual  service,   varjdng 

steel. 

from   6   months   to    10 
years. 

Allegheny  Gen- 

81 samples,  of 

j  .105  in. 

.105  in.  )* 
100%  J 

Preliminary    report    of 

eral  Hospital 

w  h  i  c  h  69 

1100% 

D.  R.  Mason,  Dec.  8, 

are  from 

1911. 

the     h  0 1- 

.092  in. 

.094  in.t 

Conditions    those    of 

water  lines, 

actual  service;  pipe  was 

42  wrought 

• 

tested  to  destruction. 

iron  and  27 

steel. 

*  Deptii  of  deepest  pit  in  wrought-iron  samples  taken  as  100  per  cent. 

t  Arerage  depth  of  five  deepest  pits  in  wrought-iron  samples  taken  aa  100  per  cent. 

t  Average  depth  of  four  deepest  pits  in  wrought-iron  samples  taken  as  100  per  cent. 
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it  is  for  the  pipe.  That  is  a  feature  of  the  situation  which  must  be 
taken  into  account.  At  the  same  time  we  find  that  in  many  im- 
portant enterprises,  where  people  are  studying  the  conditions  very 
carefully,  they  think  they  had  rather  have  wrought-iron  pipe,  and 
they  are  willing  to  pay  a  substantial  increase  in  price  in  order  to 
get  it.  We  want  to  know  whether  this  is  prejudice  or  whether 
there  is  some  foundation  for  the  preference.  W.e  are  fortunate  in 
having  with  us  to-day  Mr.  George  Schuhmann,  the  vice-president 
and  general  manager  of  the  Reading  Iron  Company,  one  of  the 
largest,  perhaps  the  largest,  manufacturers  of  wrought-iron  pipe 
in  the  United  States.  I  have  great  pleasure  in  introducing  Mr. 
Schuhmann. 

George  Schuhmann,  Esq.  Mr.  President  and  GentlemeUj  —  In 
order  to  make  my  arguments  clear  to  you,  I  may  have  to  bore  you 
a  little  at  first  with  a  description  of  the  manufacture  of  wrought 
iron. 

Mr.  Speller  mentioned  that  iron  made  many  years  ago  was 
probably  made  better  than  iron  is  made  nowadays.  In  reply  to 
this  I  wish  to  state  that  we  make  our  wrought  iron  to-day  in  ex- 
actly the  same  way  as  it  was  made  in  the  olden  times  after  pud- 
dling was  invented;  that  is,  we  puddle  our  iron  from  pig  iron.  As 
no  doubt  many  of  you  know,  pig  iron  is  a  cast  iron,  containing 
about  93  per  cent,  of  pure  iron.  The  rest  is  carbon,  silicon,  phos* 
phorus,  sulphur,  etc.  This  pig  iron  is  remelted  in  the  puddling 
furnace  (the  fire  chamber  being  separated  from  the  melting  cham- 
ber), the  temperature  in  which  is  above  the  melting  point  of  pig 
iron  but  below  the  melting  point  of  wrought  iron,  and  when  the 
metal  is  in  a  molten  state  it  is  stirred  up  by  the  puddler  and  his 
helper,  which  causes  the  carbon  in  the  iron  to  burn  out,  and  as  the 
particles  of  iron  become  purified,  they  partly  congeal,  come  to 
naiurej  because  the  temperature  of  the  furnace  is  not  high  enough 
to  keep  the  pure  iron  liquid.  The  other  impurities  will  separate 
from  the  iron,  forming  puddle  cinder,  in  which  the  pure  iron  crys- 
tals float  around,  like  sugar  cr>^stals  in  molasses  in  a  vacuum  pan. 
As  more  and  more  of  these  crystals  congeal  and  come  in  contact 
with  each  other,  they  stick  together,  fonning  a  spongy  mass,  the 
cavities  of  which  are  filled  with  liquid  cinder,  or,  to  make  a  homely 
comparison,  it  is  like  a  popcorn  ball,  held  together  with  molasses. 
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After  removal  from  the  furnace,  this  spongy  mass  is  squeezed  or 
hammered  into  blocks  and  then  rolled  out  into  bars.  The  cinder- 
coated  globules  of  iron  become  elongated,  giving  wrought  iron  a 
fibrous  structure,  that  is,  the  iron  and  the  cinder  coating  get 
stretched  out  together,. so  that  the  latter  is  distributed  through  the 
whole  body  of  the  iron.  This  enclosed  cinder  plays  a  most  im- 
portant part  in  the  resistance  against  corrosion.  It  consists  of  a 
silicate  of  iron,  —  an  iron  oxide  with  some  silica;  and  because 
silicate  of  iron  resists  ordinary  corrosive  action  better  than  pure 
iron,  its  presence  in  wrought  iron  is  responsible  for  the  fact  that 
wrought  iron  resists  corrosion  better  than  steel,  because  the  latter 
is  a  more  homogeneous  metal,  without  any  enclosed  cinder  fibers. 

Mr.  Speller  mentioned  something  about  old  wrought-iron  pipe 
in  use  on  the  Panama  Canal,  which  presumably  had  been  furnished 
by  the  French  many  years  ago,  and  which  was  still  in  good  State 
of  preservation,  and  he  further  stated  that  the  pipe  had  probably 
been  painted.  Now,  if  a  layer  of  paint  can  prolong  the  life  of  iron 
and  steel,  a  fine  layer  or  fibers  of  silicate  of  iron  all  through  the 
body  of  the  iron  is  also  a  resistance  against  corrosion,  but,  like 
most  paint,  it  is  only  a  resistance  against  mild  corrosive  influences, 
for  if  we  pour  acid  on  the  paint-  we  destroy  its  usefulness,  and  so 
it  is  with  the  protection  afiforded  by  the  cinder  in  wrought  iron. 
To  illustrate  this  roughly,  you  can  take  several  layers  of  blotting 
paper  held,  tightly  together  with  rubber  bands.  At  one  end 
between  each  layer  of  blotting  paper  place  a  layer  of  thin  writing 
paper,  to  represent  the  cinder,  while  at  the  other  end  there  is  only 
the  blotting  paper,  to  represent  the  steel;  or,  to  use  the  analogy 
of  the  popcorn  ball,  the  blotting  paper  represents  the  corn  and  the 
writing  paper  the  molasses.  Now,  if  we  pour  an  equal  quantity  of 
ink  on  the  end  representing  the  steel,  the  ink  will  penetrate  several 
layers  of  the  blotting  paper,  while  at  the  other  end  the  first  layer  of 
writing  paper  has  practically  arrested  the  penetration  of  the  ink. 
If  we  take  acid  instead  of  ink,  it  is  a  different  story,  as  the  acid  will 
go  right  through  the  writing  paper  as  well  as  the  blotting  paper. 

I  am  very  much  pleased  to  hear  Professor  Walker  confirm  our 
contention  that  acid  tests  are  entirely  unreliable  as  a  guide  to  re- 
sistance against  ordinary  corrosion.  It  gives  me  great  satisfaction 
to  say  this,  because,  when  I  made  the  same  statement  some  years 
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ago  at  a  meeting  of  the  American  Society  for  Testing  Materials^ 
some  scientific  gentlemen  present  dififputed  it.  I  believe,  however, 
that  those  who  have  followed  the  discussion  of  this  subject  are 
now  agreed  that  the  accelerated  corrosion  tests  are  entil'ely  un- 
reliable and  misleading. 

While  the  protective  action  of  the  cinder  fibers  has  been  ad- 
mitted, some  scientific  gentlemen  have  argued  that  there  was  not 
a  sufficient  amount  of  cinder  in  wrought  iron.  They  had  some 
microphotographs  of  wrought  iron  magnified  seventeen  diameters 
which  showed  only  a  few  patches  of  cinder  here  and  there;  so  they 
claimed  this  was  like  a  picket  fence  that  would  let  the  wind  (cor- 
rosion) blow  through.  Photographs  magnified  fifty,  one  hundred, 
and  two  hundred  diameters,  however,  show  that  the  picket  fence 
has  the  pickets  pretty  close  together. 

Unfortunately,  there  have  been  some  irons  put  on  the  market 
that  are  made  by  using  old  junk-yard  scrap,  heated  up  to  a  welding 
heat,  biLsheling  or  fagoting,  and  then  rolled  out  into  bars,  sheets, 
etc.  When  the  old  scrap  consisted  of  nothing  but  wrought  iron, 
it  was  not  so  bad,  because  wrought  iron  is  permeated  with  the 
cinder  fibers  which  were  produced  in  the  puddling  operation,  but 
junk-yard  scrap  nowadays  is  mixed  with  more  or  less  steel,  some 
of  it,  may  be,  high  carbon  or  other  alloy  steel  of  various  grades, 
and  since  steel  is  not  permeated  with  cinder  fibers,  when  these 
pieces  get  rolled  into  the  iron,  you  have  a  starting  point  for  corro- 
sion or  pitting.  We  fear  that  some  of  this  kind  of  iron  has  been 
paraded  as  genuine  wrought  iron,  and  in  some  cases  picked  out 
when  making  comparisons  with  modern  steel.  Just  as  paint  is  a 
protection  against  corrosion  on  the  outside  of  the  metal,  so  the 
cinder  fibers  permeating  wrought  iron  are  a  protection  in  the 
interior  of  the  metal.  In  other  words,  a  wrought-iron  bar  is  like  a 
wire  rope  of  which  every  individual  wire  was  painted  before  the 
rope  was  put  together.  The  wires  are  the  iron  fibers  and  the  paint 
is  represented  by  the  cinder  fibers.  Inasmuch  as  the  method  of 
making  wrought  iron  by  the  puddling  process  is  still  the  same  as 
in  vogue  fifty  or  seventy-five  years  ago  when  puddling  was  first 
invented,  and  all  the  wrought  iron  used  in  our  pipe  is  made  that 
way,  I  do  not  see  why  it  should  not  be  just  as  resistant  against 
corrosion  as  the  iron  which  was  made  many  years  ago. 
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The  President.  I  am  sure  we  have  been  very  glad  to  hear 
how  WTOught-iron  pipe  is  made,  described  in  a  way  so  graphic 
that  we  can  all  understand;  and  I  am  sure  we  are  glad  to  know 
that  it  is  made  in  the  same  way  that  it  used  to  be  made  in  the  good 
old  days.  Mention  has  been  made  of  the  fact  that  users  often 
do  not  know  whether  they  are  using  wrought-iron  pipe  or  steel 
pipe.  Some  of  our  members  feel  that  there  ought  to  be  a  way  of 
marking  pipe  so  that  the  mark  could  not  be  changed,  and  so  that 
every  user  who  knew  the  marks  could  see  and  know  certainly  what 
mill  the  pipe  came  from.  I  think  it  would  be  interesting  if  Mr. 
Schuhmann  and  Mr.  Speller  would  tell  us  before  they  go  whether 
they  are  willing  to  mark  their  pipe  so  that  everybody  wiU  know 
when  they  get  it,  and  if  not,  why  not? 

We  have  been  hearing  recently  about  a  new  kind  of  iron,  not 
quite  a  stjeel,  although  made  something  like  steel.  Is  there  any 
one  present  to  speak  for  this  new  product  which  has  recently  come 
upon  the  market? 

Mr.  H.  S.  Ka^hurl.  Mr.  President,  we  expected  to  have  here 
to-day  a  representative  of  the  Harrisburg  Rolling  Mills  Company 
of  Harrisburg,  who  is  interested  in  this  pipe;  but  unfortunately  he 
was  detained  in  New  York.  I  cannot  personally  say  anything  in 
regard  to  thp  qualities  of  this  pipe,  except  that  it  is  a  new  product 
that  we  have  taken  over  and  are  going  to  sell  in  New  England. 
Whether  the  sulphuric  acid  test  which  is  spoken  of  is  any  good  or 
not,  I  cannot  say  dej&nitely.  All  I  can  say  is  that  the  American 
Rolling  Mills  Company  of  Middletown  are  putting  out  extensive 
advertising  with  the  sulphuric  acid  test,  shown  up  on  a  little  blue 
print.  I  can  also  say  that  a  number  of  leading  engineers  of  the 
country  have  endorsed  that  test.  I  see  that  the  manufacturers  of 
steel  and  of  iron  fall  back  on  the  argument  of  the  long  time  that 
wrought  iron  and  steel  have  been  in  use.  As  ours  is  a  new  product, 
we  cannot,  of  course,  bring  forward  any  samples  that  have  been 
in  the  ground  as  long  as  theirs. 

The  PREsroENT.  Certainly  it  is  nothing  against  a  new  product 
that  it  cannot  show  long  experience.  The  subject  is  now  open  for 
general  discussion  and  also  for  questions,  because  we  have  Mr. 
Schuhmann  and  Mr.  Speller  here  especially  so  that  you  gentlemen 
may  ask  them  all  the  questions  you  like. 
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Mr.  a.  W.  Cuddeback.*  We  do  not  use  galvanized  pipe  any 
more;  we  have  found  it  not  satisfactory. 

George  Smith,  EsQ.f  Mr.  President,  I  am  not  a  member  of 
the  Association,  but  I  believe  that  Springfield  was  instrumental  in 
getting  this  report  from  Professor  Walker  to-day.  We  had  some 
serious  trouble  in  Springfield  with  regard  to  water  after  our  new 
supply  was  turned  on  to  the  city;  and  after  the  newspapers  had 
complained  of  the  plumbers  and  builders  using  poor  material,  we 
forwarded  the  report  which  referred  to  the  use  of  steel  pipe  to  the 
National  Tube  Company.  Of  course,  we  did  not  know  w^hether  it 
was  using  steel  or  wrought  iron.  We  bought  wrought  iron  some- 
times and  sometimes  steel,  but  in  each  case  we  had  the  same 
trouble. 

We  also  have  the  same  trouble,  I  might  say,  wherever  we  use 
brass  pipe.  The  red-water  proposition  is  just  the  same*  We  have 
never  been  able  to  give  the  public  of  Springfield  a  satisfactory^ 
answer.  A  man  comes  into  our  place  and  asks  us  why  he  gets  red 
water  in  his  system,  and  we  tell  him  so-and-so,  but  he  does  not 
believe  us,  simply  because  of  the  report,  made,  I  believe,  by  Mr. 
Whipple,  of  the  firm  of  Whipple  &  Hazen. 

We  would  like  to  go  back  to  Springfield  with  an  answer  from 
such  a  man  as  Professor  Walker  or  Mr.  Hazen  or  Mr.  Speller,  why 
we  get  red  water  in  systems  where  we  have  brass  pipe  and  copper 
boilers,  just  the  same  as  we  get  it  where  we  have  iron  and  steel 
pipe  and  steel  boilers.  We  asked  the  water  department  for  help 
and  they  were  very  courteous  in  doing  anything  we  asked  them 
to  do.  They  flushed  the  mains,  getting  out  a  great  amount  of 
substance  which  we  had  analyzed,  and  we  also  had  analyzed  the 
material  which  came  from  the  service  pipe  and  the  boiler,  and  in 
each  case  it  showed  about  ninety  per  cent,  iron,  according  to  Dr. 
Emerson,  of  Springfield,  and  about  one  half  of  one  per  cent,  more 
from  the  service  inside  the  building  than  outside. 

The  Springfield  Master  Plumbers  Association  is  interested  to 
have  something  to  tell  these  people,  when  tliey  come  into  their 
places  of  business,  as  to  what  causes  the  red  water,  and  why  we 
get  it  in  systems  where  we  have  copper  and  brass  pipe  just  the 


*  Engineer  Passaic  Water  Company,  Paterson,  N.  J. 
tOf  George  Smith  &  Co.,  Springfield,  Mass. 
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same  as  where  we  have  iron  pipe.    Now,  any  information  we  can 
get  on  that  point  from  Mr.  Walker  would  be  very  welcome  by  us. 

Professor  Walker.  Mr.  Smith  very  kindly  handed  me  a 
list  of  questions  just  before  the  meeting,  and  I  will  now  do  what  I 
can  to  answer  them. 

The  first  question  is :  "  How  do  you  account  for  the  great  amount 
of  red  hard  substance  taken  out  of  the  street  main?  "  If  the  red 
hard  substance  is  by  analysis  90  per  cent,  iron  oxide  it  means  that 
it  is  ordinary  rust.  The  other  parts  are  doubtless  material  from 
the  water  itself.  We  will  leave  this  question  and  come  back  to  if 
later,  because  it  really  takes  in  all  the  remaining  questions. 

"  How  do  you  account  for  this  substance  taken  from  the  street 
main  containing  about  the  same  amount  of  iron  rust  as  the  sub- 
stance which  is  taken  from  the  service  pipe  and  storage  tank 
inside  the  building?  ''  I  think  the  only  answer  to  this  is  that  the 
material  is  from  the  same  source;  the  fact  that  one  is  found  in  one 
place  and  the  other  found  in  another  place  simply  means  that 
there  is  one  common  source,  and  the  material  is  carried  therefrom 
to  both  places.  I  do  not  believe  there  can  be  any  answer  to  this 
other  than  the  one  that  the  material  comes  largely  from  the  street 
main,  and  is  carried  mechanically  by  the  water  into  the  service 
pipes. 

"  How  do  you  account  for  the  red-water  trouble  in  buildings 
where  the  houses  are  piped  with  either  brass  or  lead  pipe  and  the 
storage  tanks  are  copper?  "  Of  course,  it  goes  without  saying 
that  you  can't  get  iron  rust,  which  this  red  material  is,  from  a 
copper  tank  or  lead  pipe  or  brass  pipe.  That  requires  no  dis- 
cussion. So  the  answer  to  this  question. also  is  that  the  red  water 
must  come  from  the  iron  mains.  In  other  words,  the  rust  is  formed 
in  the  mains  and  is  carried  through  the  mains  into  the  house 
systems. 

"  How  do  you  account  for  the  sudden  change  in  condition  since 
we  have  been  using  Little  River  water?  "  I  am  ignorant  of  the 
properties  of  the  Little  River  water,  and  I  really  cannot  talk  about 
it  with  authority  because  I  haven't  the  data.  I  would  say  without 
much  hesitation,  however,  that  some  of  the  factors  that  we  have 
discussed  here  this  afternoon  have  been  intensified  in  the  Little 
River  water.    I  believe  that  this  matter  can  be  solved.    I  do  not 
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think  that  the  city  of  Springfield  should  lie  down  and  suflFer  from 
red  water  until  they  know  what  the  cause  of  it  is;  but  I  am  not 
prepared  to  say  now  what  the  cause  may  be,  because  I  have 
never  made  a  study  of  the  conditions. 

"  Can  you  tell  us  why  it  is  that  steel  and  wrought-iron  pipe  can 
be  used  in  the  city  of  Hol3''oke,  which  is  only  eight  miles  from 
Springfield,  while  this  same  pipe  cannot  be  used  in  Springfield?  " 

The  answer  to  that  is,  of  course,  that  the  conditions  which 
obtain  in  Springfield  do  not  obtain  in  Holyoke  therefore  it  must 
be  possible  to  determine  these  conditions.  I  cannot  now  say  what 
they  are,  but  it  must  be  possible  to  find  out. 

Now,  coming  back  to  the  first  question,  "  How  do  you  accoimt 
for  the  great  amount  of  red  hard  substance  taken  out  of  the  street 
main?  "  You  account  for  it  by  some  intensified  condition  of  corro- 
sion in  the  water.  Assuming  it  to  be  true  that  Holyoke  uses  steel 
and  iron  pipe  and  the  same  water  that  Springfield  does,  and 
Holyoke  is  free  from  this  trouble,  while  it  is  so  intensified  in 
Springfield,  the  trouble  must  be  due  to  some  difiference  in  the  local 
treatment  or  conditions.  Just  what  these  differences  are  can  be 
determined  only  by  an  investigation. 

Let  me  say,  in  reply  to  Mr.  Hazen's  remark,  that  apparently 
the  only  remedies  which  one  can  apply  to  water  to  save  the  pipe 
are  those  which  kill  the  water;  that  it  is  a  good  deal  like  the  old 
man  who  thought  he  could  teach  his  horse  to  eat  sawdust;  the 
moment  the  horse  got  so  he  could  eat  sawdust,  he  died.  You 
cannot  put  in  lime,  I  realize  that,  however  efficient  that  would  be; 
and  you  cannot  have  too  much  organic  matter,  because  you  want 
pure  water;  but  you  can,,  if  necessary,  take  the  oxygen  out. 

I  don't  know  whether  you  have  followed  the  very  important 
work  that  is  being  done  in  Australia,  where  there  is  a  very  ex- 
pensive steel  or  iron  aqueduct  which  is  corroding  badly.  The 
reason  why  it  corrodes  badly  is  because  they  have  such  a  very 
pure  water.  Mr.  Hazen  is  right  in  saying  that  the  purest  water 
is  the  worst  water  on  pipes.  You  will  find  in  a  boiler  plant  which 
being  supplied  with  a  spring  water  that  is  absolutely  pure  that  the 
pitting  and  corrosion  is  enormous.  We  had  a  case  of  this  kind 
from  Cape  Breton ;  the  water  used  for  the  boiler  plant  was  excep- 
tionally pure  and  the  boilers  were  pitting  ver>'  badly.    The  trouble 
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was  that  there  was  nothing  in  the  water  to  coat  the  pipes  over, 
that  is,  to  make  any  boiler  scale.  The  water  was  saturated  with 
oxygen,  and,  therefore,  corrosion  was  rapid.  The  diflBicxilty  was 
overcome  entirely  by  putting  in  open  pre-heaters  where  the  oxygen 
was  boiled  out  of  the  water  before  it  went  into  the  boilers.  The 
trouble  absolutely  and  entirely  disappeared,  as  it  must  have,  be- 
cause without  the  oxygen  you  cannot  get  corrosion. 

They  are  doing  the  same  thing  in  Australia,  namely,  putting  in 
an  elaborate  system  to  take  the  oxygen  out  of  the  water.  I  do 
not  know  that  we  can  do  that,  except  in  apartment  hoilses.  I  do 
believe  it  is  possible  there,  and  it  may  be  the  solution  to  which  we 
will  have  to  come.  It  will  not  spoil  the  water  for  drinking  pur- 
poses. Taking  the  oxygen  out  is  not  in  any  way,  so  far  as  I  know, 
and  I  think  I  am  right  in  this,  depleting  the  water  of  any  of  its 
valuable  constituents. 

Mr.  Dexter  Bra.ckett.*  The  service  pipes  used  in  the  cities 
and  towns  comprising  the  Metropolitan  Water  District  are  gener- 
ally of  lead,  but  wrought-iron  pipes,  both  plain  and  galvanized 
and  lined  with  cement  and  lead,  have  been  and  are  still  used. 
Lead  service  pipes  have  been  almost  universally  used,  in  Boston 
since  the  introduction  of  water  from  Lake  Cochituate  in  1848. 
Investigations  made  at  that  time  showed  that  the  action  of 
Cochituate  water  on  lead  in  aiew  days  forms  a  coating  which  for 
all  practical  purposes  is  impervious  to  water,  and  that  the  water 
can  be  served  from  lead  pipes  connected  with  iron  mains  without 
detriment  to  health. 

Regarding  the  life  of  wrought-iron  pipes,  it  is  well  known  that 
pipes  made  of  thin  sheets  of  wrought  iron,  lined  and  covered  with 
cement,  were  extensively  used  in  distribution  systems  in  this 
vicinity  from  forty  to  fifty  years  ago,  and  also  that  in  most  cases 
these  pipes  failed  after  from  fifteen  to  twenty-five  years'  use  and 
have  been  replaced  by  pipes  of  cast  iron.  There  are,  however, 
instances  where  the  work  was  well  done,  and  the  pipe  was  not 
tapped  for  house  services,  in  which  the  hfe  of  this  pipe  was  much 
prolonged- 
There  is  in  use  on  the  Metropolitan  Works  a  30-in.  wrought-iron 
cement-lined  main  about  two  miles  in  length  which  has  been  in 

*  Chief  Engineer,  Metropolitan  Water  Works.  Boston. 
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constant  service  for  forty  years  and  is  still  apparently  in  good 
condition. 

The  speaker  has  in  his  office  a  section  of  pipe  5  in.  in  interior 
diameter,  bored  through  a  wooden  log,  which  was  laid  by  the 
Jamaica  Pond  Aqueduct  Company  about  one  hundred  and  ten 
years  ago  and  was  used  for  at  least  fifty  years  for  conveying  water 
to  the  city  of  Boston  from  Jamaica  Pond.  The  large  end  of  this 
log  or  pipe  is  encircled  by  a  wrought-iron  ring  10  in.  in  diameter, 
li  in.  wide,  i  in.  thick  on  one  side  and  brought  to  a  sharp  edge  on 
the  other.  This  ring,  which  was  buried  in  the  ground  and  exposed 
to  moisture  for  one  hundred  years,  is,  so  far  as  can  be  judged,  in 
substantially  as  good  condition  as  on  the  day  it  was  made.  It 
appears  very  doubtful  whether  it  would  be  in  its  present  condition 
if  made  of  steel. 

An  example  of  the  preservation  of  wrought  iron,  which  the 
speaker  attributes  to  the  cutting  off  of  the  supply  of  oxygen,  is 
the  perfect  condition  pi  wrought-iron  bolts  in  a  submergeH  pipe 
line  after  having  been  buried  for  fifty  years  under  the  mud  bottom 
of  Boston  Harbor. 

The  PREsroENT.  There  is  sometimes  trouble  in  the  use  of  lead 
pipe,  I  understand,  in  services.  Will  Mr.  Thomas  tell  us  what  the 
conditions  are  in  Lowell  as  regards  his  service  pipes? 

Mr.  Robert  J.  Thomas.  Mr.  President,  our  trouble  with  lead 
pipes  at  Lowell  has  not  been  due  to  the  lead,  but  to  the  clogging 
up  of  the  pipe  due  to  the  water  containing  a  large  amount  of 
crenothrix,  unless  you  are  referring  to  the  time  some  years  ago 
when  we  were  warned  that  the  water  acting  upon  the  pipe  ab- 
sorbed the  lead  so  that  lead  poisoning  was  caused.  That,  of  course, 
is  simply  following  out  what  Dr.  Walker  said,  that  all  these 
metals  are  more  or  less  soluble  in  water,  and  the  water  in  that  case 
in  Lowell  acted  upon  the  lead  pipe.  It  also  acts  upon  iron  to  some 
extent.  We  have  used  some  galvanized  pipe,  but  without  any 
special  advantage  so  far  as  we  could  notice  in  the  results.  The 
pipe  which  has  given  us  the  best  results  is  tin-lined  pipe.  We  have 
found  by  experiments  that  the  water  acts  less  upon  tin  than  upon 
any  of  the  other  metals  which  we  could  use  for  pipe. 

The  President.  What  material  do  you  generally  use  for 
service  pipes  now? 
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Mr.  Thomas.  It  is  a  tin-lined  iron  pipe.  That  is,  I  presume  it 
is  iron  pipe;  it  may  be  steel. 

Mr.  Edwin  C.  Brooks.*  Mr.  President,  I  might  say  in  regard 
to  steel  pipe,  that  I  find  that  the  weld,  where  the  pipe  is  butt- 
welded,  is  apt  to  be  so  hard  that  it  is  very  severe  on  the  dies,  and 
we  found  it  was  hard  to  cut  clean  threads  on  many  pieces  of  steel 
pipe  on  that  account.  I  would  like  to  ask  Mr.  Speller  if  it  is  pos- 
sible that  any  hardening  could  take  place  in  the  butt-welding  of 
steel  pipe?  We  certainly  have  had  a  good  deal  of  trouble  from  that 
cause,  and  we  are  now  using  wrought-iron  pipe. 

Mr.  Speller.  I  think  you  will  find  the  trouble  —  if  there  is 
any  trouble  with  the  threading  —  is  on  account  of  not  having  a 
good  die.  The  steel  is  somewhat  harder  to  thread  than  iron,  but 
you  will  not  notice  it  if  the  die  is  properly  shaped.  What  you 
refer  to  as  hardness  at  the  weld  may  be  a  slight  depression  at  the 
weld,  which  will  cause  the  tooth  of  the  die  to  catch.  When  you 
speak  of  hardness  in  steel  pipe  it  usually  means  toughness. 

Mr.  Brooks.  I  have  been  too  long  in  the  business  to  have 
tools  of  the  kind  you  suggest.  What  I  speak  of  is  hardness.  The 
dies  that  we  use  are  from  a  reputable  firm  in  Boston.  I  think  you 
would  find  it  hard  to  maintain  that  their  dies  were  not  suitable. 
We  found  a  hardness  in  the  weld;  that  is,  when  you  tried  it  with  a 
file  it  would  seem  as  if  it  had  been  actually  tempered  along  the  line 
of  the  weld.  Now,  whether  anything  occurred  at  that  point  to 
tend  to  harden  the  steel  more  than  at  another  point,  I  do  not  know ; 
but  the  trouble  was  certainly  a  real  trouble  and  not  a  fancied  one. 

Mr.  Speller.  I  have  never  had  any  experience  with  such  cases 
as  that,  and  when  I  was  speaking  a  moment  ago,  I  was  referring 
to  other  instances  that  seemed  to  correspond  with  yours.  This  is 
the  first  time  I  have  ever  heard  of  a  piece  of  pipe  steel  being  what 
you  would  call  hard  at  the  weld.  If  it  is  genuine  pipe  steel  it 
cannot  be  hard,  or  we  could  not  weld  it.  It  is  one  of  the  purest 
forms  of  iron  made.  It  has  no  tempering  quality  whatever.  You 
can  forge  it  and  chill  it  in  water  without  /hardening  in  the  least. 
If  you  have  any  cases  like  that  on  hand  we  would  certainly  like 
to  see  them. 

Mr.  Brooks.     We  discontinued  using  steel  for  the  very  reason 

'  *  Superintendent  Water  Works,  Cambridge,  Mass. 
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that  there  was  so  much  complaint  made  of  the  hardness  on  this 
line  running  through  lengthwise  of  the  pipe,  where  the  weld  was; 
and  it  occurred  to  me  whether  there  might  be  any  possible  reason 
for  that  in  the  manufacture. 

The  PREsmENT.  Perhaps  that  wasn^t  Mr.  Speller's  pipe,  Mr. 
Brooks.  If  he  had  put  his  name  on  it  you  would  have  known  with 
certainty. 

Mr.  Richard  A.  Hale.*  In  connection  with  the  water-power 
development  at  Lawrence  in  the  earlier  days,  wrought  iron  was 
used  as  material  for  the  penstocks,  the  diameters  of  which  varied 
from  6  to  9  ft.  In  the  last  two  or  three  years  some  changes  were 
made,  involving  the  installing  of  new  wheels,  and  necessitating  a 
cutting  oflf  of  the  lower  portion  of  some  of  the  penstock.  In  one 
mill  there  was  a  penstock,I  think,  8  ft.  in  diameter,  of  wrought  iron, 
which  had  been  in  for  forty-five  years,  and  an  examination  of  it, 
where  it  was  cut  off,  showed  no  deterioration  of  the  iron  that  was 
visible  in  any  way  whatever.  The  iron  was  bright;  there  was  no 
pitting.  The  penstock  had  been  preserved  by  painting  with  red 
lead  from  time  to  time  when  the  water  was  out.  There  was  no 
pitting  either  on  the  inside  or  on  the  outside,  and  no  reduction  in 
thickness. 

During  the  last  twenty  or  twenty-five  years  steel  plates  have 
been  used  for  penstocks  instead  of  wrought  iron,  and  observation 
from  year  to  year  of  the  surface  of  the  interior  has  shown  no 
indications  of  marked  deterioration.  In  some  cases,  where  the 
coating  of  asphalt  has  worn  off,  or  whatever  paint  was  put  on,  there 
have  been  some  tubercles  formed  and  a  slight  pitting,  but  not  to 
any  depth;  the  outside  of  the  penstock  does  not  show  that  any 
changes  have  occurred  where  it  could  be  examined. 

As  far  as  we  have  seen,  there  has  been  no  great  difiference  be- 
tween the  steel  and  the  wrought  iron.  The  principal  trouble  with 
a  steel  penstock,  and  with  all  penstocks,  is  to  find  a  proper  coating 
to  prevent  the  water  from  corroding  the  interior.  Certainly 
wrought  iron,  after  an  experience  of  forty-five  years,  has  been 
found  to  be  in  excellent  condition. 

Mr.  Brackett  speaking  of  the  ring  reminded  me  that  recently 
we  took  out  a  wooden  penstock,  which  had  been  in  about  fifty 

♦  Principal  Assistant  EnKinecr,  Essex  County,  Lawrence,  Mass. 
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years,  with  iron  bands  on  the  outside  about  an  inch  and  a  half  to 
two  inches  in  width  and  half  an  inch  in  thickness,  and  the  wrought 
iron  shows  excellent  condition,  with  k  bright  and  fibrous  texture, 
although  no  coating  had  been  put  on.  A  chemical  examination 
showed  a  very  excellent  grade  of  wrought  iron.  In  all  of  these 
cases  there  were  no  electrical  currents  in  the  vicinity  which 
would  produce  electrolysis. 

Mr.  William  F.  Sullivan.*  Our  experience  with  so-called . 
galvanized  wrought-iron  pipe  has  shown  that  the  average  life  of 
1-in.  pipe  is  from  twenty  to  twenty-five  years,  and  of  f-in.  pipe 
from  fourteen  to  twenty  years,  —  that  is,  before  it  fills  so  that  the 
service  has  to  be  renewed.  We  find  after  the  filled  up  pipe  is 
placed  in  the  "  scrap  "  the  matter  that  blocked-  the  flow  of  water 
dries  and  can  be  knocked  or  shocked  from  the  interior  of  the  pipe 
by  the  aid  of  a  scraper.  The  old  pipe  is  generally  in  good  condition 
and  may  be  disposed  of  as  second-hand  pipe  for  about  one  quarter 
the  cost  of  new  pipe.  The  users  of  this  second-hand  pipe  are 
generally  farmers  or  campers. 

We  find  that  the  cost  of  renewing  services  is  inexpensive,  owing 
to  the  low  first  cost  of  the  pipe  and  the  character  of  the  excavation 
—  in  many  instances  we  are  able  to  drive  new  services  without 
much  trenching.  We  find  that  the  galvanizing  wears  oflF  the  pipe 
in  a  few  years,  but  we  feel  satisfied  that  it  is  worth  the  slight  differ- 
ence in  cost  to  use  galvanized  iron  pipe.  We  are  not  always  abso- 
lutely certain  whether  we  get  the  genuine  wrought-iron  or  steel 
pipe,  and  as  far  as  my  experience  goes,  it  never  has  seemed  of  great 
importance  to  us  on  account  of  the  periodic  filling  up  of  service 
pipes. 

Mr.  George  A.  SrACY.f  I  have  had  about  the  same  experience 
as  that  of  Mr.  Brooks  with  regard  to  temper  in  steel  pipe.  I 
don't  know  about  the  life  of  iron  or  steel,  but  I  think  that  the  dies 
will  last  longer  on  wrought-iron  than  they  will  on  steel  pipe. 

The  reason  I  have  adopted  wrought-iron  pipe  is  because  as  a 
general  thing  when  you  go  into  the  market  you  get  heavier  stock, 
you  get  stock  that  works  easier,  and  it  runs  more  even.  We  do 
find  that  some  steel  pipe,  or  pipe  which  comes  to  us  as  steel,  is 

*  Superintendent  Pennichuck  Water  Works,  Nashua,  N.  H. 
t  Superintendent  Water  Works,  Marlboro,  Mass. 
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much  harder  and  affects  the  die  much  more  than  wrought-iron 
pipe  does.  Of  course,  a  dull  die  is  not  a  very  pleasant  thing'  to 
work  with  when  you  want  to  cut  a  good  thread  on  anything;  but 
when  you  get  a  dull  die  on  a  piece  of  hard  steel  pipe  you  have  a 
pretty  tough  proposition. 

I  don't  condemn  steel  pipe;  I  don't  know  anything  about  the 
life  of  it;  but  if  we  have  two  pieces  of  pipe,  and  the  pitting  is 
equal,  then  the  light  pipe  is  going  first. 

Up  to  the  present  time  my  experience  with  wrought-iron  pipe 
has  been  every  way  much  more  satisfactory  than  that  with  steel. 

Mr.  F.  N.  Connet.  I  have  not  had  experience  with  steel  pipe, 
Mr.  President,  but  there  is  one  question  I  would  like  to  ask  Pro- 
fessor Walker.  Some  years  ago  the  New  York  Edison  Company 
had  considerable  trouble  from  the  depositing  of  a  red  material  in 
their  boiler  feed  system,  and  analysis  proved  it  to  be  oxide  of  iron. 
They  used  surface  condensers,  and  consequently  the  same  water 
was  used  over  and  over  again  and  no  additional  oxygen  could  get 
into  the  system.  They  had  been  using  a  small  percentage  of  animal 
oil  in  their  lubricating  oil,  and  they  decided  to  change  over  and  use 
mineral  oil  entirely,  after  which  this  trouble  ceased. 

The  explanation  which  was  offered  was  that  a  catalytic  action 
had  taken  place  due  to  the  oleic  acid  present  in  the  animal  oil. 
The  idea  is  that  a  certain  amount  of  oxygen  was  absorbed  by  the 
oleic  acid  from  the  oxide  of  iron  and  this  was  afterward  released  so 
that  it  could  immediately  combine  with  more  iron  and  be  converted 
again  into  o;xide  of  iron,  which  process  could  be  repeated  indefi- 
nitely without  the  necessity  of  constant  renewal  of  oxygen  from 
outside. 

Whether  or  not  this  explanation  is  the  correct  one,  it  is  certain 
that  when  the  use  of  animal  oil  was  discontinued  the  trouble  dis- 
appeared. Their  feed  pipes  were  four  or  five  inches  in  diameter  and 
some  were  the  cast  iron,  some  wrought  iron,  and  some  cast  steel. 

Professor  Walker.  With  regard  to  the  word  *'  catal^iiic,"  I 
think  that  engineer  was  probably  doing  as  a  good  many  of  us  do,  — 
when  we  strike  something  we  don't  understand  we  call  it  "  cataly- 
tic action."  I  don't  think  it  was  catal>'tic  action;  nor  do  I  think 
oxide  of  iron  will  give  up  its  oxygen  when  once  formed.  On 
any  steam  heating  system  which  has  been  running  in  a  closed 
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cycle  for  a  good  while,  when  you  open  a  radiator  pet  cock  not  in- 
frequently you  will  get  enough  hydrogen  to  burn.  That  is  due  to 
the  presence  of  carbonic  acid  gas  in  the  system.  This  gas  passes  up 
with  the  steam  and  is  absorbed  by  the  condensed  water,  forming  an 
acid  solution.  This  reacts  on  the  iron  pipe,  forming  soluble  iron 
carbonate.  This  returns  to  the  boiler  and  under  the  heat  there 
decomposes  into  iron  oxide  and  sets  free  carbon  dioxide  again.  I 
have  never  heard  of,  nor  do  I  believe  you  can  have,  a  cycle  in 
which  oxygen  acts  in  this  way;  when  oxygen  is  taken  up  by  iron 
it  stays  combined. 

I  think  it  is  a  fact  without  question  that  the  animal  oil  does  form 
free  acid  when  heated  with  water  to  a  high  temperature,  and  this 
in  itself  accelerates  corrosion. 

Didn't  they  use  any  makeup  water  at  all? 

Mr.  Connet.    a  very  slight  percentage. 

Professor  Walker.  A  possible  explanation  is,  I  think,  that 
they  were  taking  some  air  into  their  vacuimi  system.  If  you  are 
getting  an  accumulation  of  iron  oxide  it  means  you  are  getting 
additional  oxygen.  There  is  no  possible  escape  from  that  conclu- 
sion.  Where  that  oxygen  is  coming  from  may  be  a  question.  But 
if  they  use  no  makeup  water  and  if  their  system  is  closed,  that  is, 
if  they  have  no  expansion  tank,  my  suggestion  would  be  to  look 
for  an  air  leakage  somewhere;  because  if  you  use  up  the  oxygen  in 
imiting  with  the  iron  at  one  place,  I  don't  believe  that  this  oxygen 
can  ever  get  free  to  unite  with  any  other  iron.  So  I  think  that  the 
animal  oil  was  the  active  agent  in  intensifying  the  corrosion,  but 
it  must  have  gotten  oxygen  from  somewhere  to  unite  with,  in 
order  to  form  the  iron  rust. 

The  PREsmENT.  I  am  going  to  ask  Mr.  Schuhmann  and  Mr. 
Speller  to  answer  with  regard  to  the  various  points  which  have 
been  made,  as  far  as  they  can,  and  I  also  want  them  to  give  us 
their  point  of  view  on  this  question  of  marking  their  pipe,  so  we 
can  know  what  pipe  we  are  using.  I  am  also  going  to  ask  them  if 
they  will  not  tell  us  something  more  about  galvanizing  and  the 
methods  of  galvanizing  which  are  used.  Dr.  Walker  has  empha- 
sized the  importance  of  having  an  absolutely  uninterrupted  coating 
of  zinc,  —  I  don't  remember  that  he  mentioned  the  thickness  of 
it,  —  but  there  is  a  prevalent  impression  that  galvanizing  has  been 
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done  in  the  last  few  years  in  a  very  economical  manner.  I  think 
the  members  of  the  Association  would  like  to  learn  what  they  can 
about  that. 

Mr.  Schuhmann.  In  regard  to  galvanizing,  it  is  the  same  thing 
as  with  the  manufacture  of  wrought  iron,  that  is,  the  old  way  is 
the  best.  We  have  been  approached  by  diiBFerent  inventors  who 
would  claim  that  they  could  save  us  anywhere  from  $3.00  to  $5.00 
per  ton  by  using  their  processes,  but  since  the  cost  of  labor  is  less 
than  10  per  cent,  of  the  cost  of  galvanizing,  while  the  cost  of 
zinc  (spelter)  is  over  80  per  cent.,  then  such  a  great  saving  could 
onl>  be  effected  by  reducing  the  amount  of  zinc  used,  which  means 
a  reduction  in  the  thickness  of  the  coating,  and  for  that  reason  we 
have  declined  all  such  offers,  as  we  do  not  want  to  cheapen  the 
goods  at  the  expense  of  quality.  We  told  these  gentlemen  that  if 
they  could  bring  us  something  that  would  make  galvanizing  better, 
we  would  consider  it. 

We  are  using  the  old  process  known  as  the  "  hot-metal  process." 
The  pipes  are  first  pickled  in  a  bath  of  dilute  sulphuric  acid,  which 
removes  grease,  scale,  etc.  Then  they  are  put  in  a  tank  of  water 
to  wash  off  the  acid,  and  after  that,  put  into  another  tank  of  dilute 
muriatic  acid.  After  removal  from  this  tank,  the  muriatic  acid  is 
allowed  to  dry  on  the  pipes.  They  are  then  laid  on  top  of  the 
galvanizing  kettle  for  a  short  period,  to  pre-heat  them,  and  are 
then  immersed  in  the  molten  zinc  in  a  kettle  containing  about 
60  000  lb.  of  this  metal.  They  are  allowed  to  remain  in  there  long 
enough  to  get  the  same  temperature  as  the  molten  zinc,  and  are 
then  pulled  out  and  held  in  an  inclined  position  to  allow  the  molten 
zinc  to  run  out  of  the  inside.  Owing  to  the  fact  that  wrought  iron 
has  a  rougher  surface  than  steel,  the  zine  coating  will  stick  to 
it  better  and  in  thicker  layers,  so  that  you  have  not  only  a  better 
metal  as  a  base,  but  a  heavier  coating  in  addition. 

I  want  to  make  a  few  remarks  about  the  statements  made  by 
some  of  the  gentlemen  in  reference  to  variation  in  the  hardness  of 
steel  pipe,  and  in  order  to  explain  that  I  will  have  to  give  a  little 
description  of  the  manufacture  of  steel.  Steel  is  generally  manu- 
factured in  large  quantities.  They  make  about  15  tons  at  a  blow 
of  a  Bessemer  converter  and  anywhere  from  25  to  50  tons  at  one 
heat  of  an  open-hearth  furnace.     After  the  purification  is  com- 
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pleted,  the  steel  is  poured  into  large  ladles  and  from  them  into 
large  ingot  molds,  forming  the  so-called  "  ingots.''  After  it  is 
poured  into  ingots,  the  steel  melter  has  finished  his  work.  He 
caimot  do  any  more  to  it.  But  the  metal  is  too  hot  yet  to  permit 
rolling  out.  It  must  be  allowed  to  cool  first,  and  during  this 
process  of  cooling  some  of  the  impurities  still  left  in  the  steel  will 
flock  together  in  the  liquid  mass,  which  is  technically  known  as 
"  segregation."  This  has  been  fully  discussed  in  some  papers 
before  the  American  Society  for  Testing  Materials,  and  tests  made 
with  large  steel  boiler  plates,  by  marking  them  off  in  squares  like  a 
large  chess  board  and  taking  samples  of  the  different  squares,  show 
large  variations  in  the  chemical  composition  as  well  as  physical 
qualities.  So,  while  it  is  possible  to  have  hard  and  soft  steel  pipe 
made  out  of  the  same  ingot,  it  is  also  possible  that  one  end  of  a 
pipe  may  be  soft,  while  the  other  end  of  the  same  pipe  may  be 
much  harder. 

Wrought  iron  is  made  in  small  quantities,  about  half  a  ton  at  a 
time,  four  men  working  alternately  for  about  an  hour  and  a  half 
stirring  it  up  so  as  to  thoroughly  purify  the  metal,  and  in  that 
way  the  pure  iron  and  the  cinder  become  thoroughly  mixed.  After 
the  puddle  bars  have  been  rolled  out,  they  are  cut  up  into  shorter 
pieces  and  piled  on  top  of  each  other,  like  bricks  in  a  wall.  This 
mixes  the  iron  up  similar  to  the  way  they  mix  salt-water  taffy  with 
the  mixing  machines,  and  the  resulting  product  is  of  much  more 
uniform  quality,  just  as  practical  experience  has  demonstrated. 
We  have  not  learned  of  anything  yet  by  which  the  segregation  of 
steel  during  the  process  of  cooling  can  be  prevented.  Professor 
Stoughton  states  that  segregated  steel  will  corrode  much  faster 
than  the  same  metal  in  which  the  impurities  are  evenly  distributed, 
and  he  further  qualifies  the  statement  by  sajing  that  this  segrega- 
tion is  always  present  to  some  extent  in  Bessemer  and  open- 
hearth  steel,  and  that  it  is  practically  unknown  in  wrought  iron. 

In  r^ard  to  the  question  asked  by  the  Presidpnt  about  marking 
the  pipe,  would  say  that  we  are  making  experiments  with  that 
now,  but  find  it  is  not  as  easy  as  rolling  the  name  in  steel  rails,  for 
instance.  We  have  tried  one  way  by  setting  steel  dies  into  the 
rolls,  projecting  slightly,  so  as  to  roll  the  name  into  the  pipe.  This 
makes  a  fairly  good  mark  in  black  pipe,  but  after  being  galvanized 
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it  nearly  all  disappears  again.  If  the  impression  is  made  too  deep, 
then  by  cutting  the  pipe  right  where  the  name  is,  it  may  cause 
defective  threads  and  consequently  a  leak.  On  the  other  hand, 
making  the  impression  in  the  rolls  so  that  the  name  will  project 
outside  the  pipe,  the  planishing  rolls  will  deface  it  again,  or,  if 
left  too  high,  it  may  require  filing  oflF  to  cut  threads.  As  stated 
above,  we  are  still  experimenting,  and  hope  that  before  long  we 
will  be  able  to  mark  our  pipe  distinctly,  because  we  are  not  ashamed 
to  put  our  name  on  it. 

If  I  understand  Professor  Walker's  statement  correctly,  he 
bases  his  conclusion  that  there  is  no  material  diflference  between  the 
corrosion  of  wrought-iron  pipe  and  steel  pipe  on  calculations  made 
by  measuring  the  depth  of  corrosion  on  partly  corroded  pipes  under 
observation  for  a  given  time,  and  also  on  his  erroneous  assumption 
that  the  corrosion  of  both  metals  would  have  continued  at  the 
same  ratio  at  which  it  started.  A  large  number  of  tests  made  by 
other  experimenters  have  proved  that  the  corrosion  of  iron  and 
steel  is  very  irregular  and  erratic.  Professor  Stoughton,  in  his 
article  on  this  subject  in  the  Engineering  Magazine  of  July,  1911, 
states  that  the  rusting  of  some  parts  of  a  piece  of  steel  will  be  more 
rapid  than  of  other  parts  at  first,  and  then  conditions  may  change 
and  the  reverse  will  be  the  case.  Moreover,  some  specimens  will 
rust  more  rapidly  than  others  at  first  and  then  more  slowly.  Pro- 
fessor Howe,  in  a  similar  paper  read  before  the  American  Society 
for  Testing  Materials  (Vol.  6,  page  150),  gives  some  very  plausible 
theories  as  to  why  corrosion  is  not  uniformly  progressive.  Such 
being  the  case,  we  feel  that  conclusions  based  on  calculations  of 
the  supposed  life  of  the  pipes,  by  making  micrometer  measure- 
ments of  the  depth  of  partial  corrosions,  are  as  unreliable  as 
accelerated  corrosion  tests,  which,  as  we  know,  are  entirely  mis- 
leading. Fortunately,  we  have  other  tests,  based  on  many  years  of 
actual  experience  under  ordinary  service  conditions  with  wrought 
iron  and  steel  pipe  miles  in  length,  weighing  thousands  of  tons,  and 
where  corrosion  continued  until  the  holes  penetrated  the  metal, 
and  in  all  such  cases  of  which  a  record  has  been  kept  the  wrought 
iron  was  so  far  superior  that  it  did  not  require  calculations  based 
on  measurements  to  prove  the  greater  durability  of  wrought  iron 
under  average  service  conditions. 
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In  reference  to  the  remarks  made  by  the  gentleman  from  Spring- 
field, that  no  matter  whether  they  used  wrought-iron  or  steel  pipe 
for  service  pipes,  the  water  still  retained  its  red  discoloration,  and 
assuming  Professor  Walker's  explanation  as  correct,  that  the 
trouble  was  in  the  main,  then  it  is  but  natural  that  the  material 
out  of  which  the  service  pipes  were  made  had  no  influence  on 
same,  for  if  they  had  been  made  of  glass  it  would  not  have  changed 
the  color  of  the  water  supplied  by  the  mains. 

Mr.  Speller.  It  is  hardly  necessary  to  say  anything  more 
about  galvanizing,  as  Mr.  Schuhmann  clearly  described  the  method 
we  are  using,  that  is,  the  old  process  of  hot  galvanizing.  Many 
improvements  have  been  suggested,  but  any  process  which  prom- 
ises a  reduction  in  the  amount  of  zinc  applied  to  the  surface  must 
be  considered  with  suspicion.  No  wiping  operation  should  be 
permitted  on  galvanized  pipe,  as  it  is  of  the  first  importance  to 
retain  on  the  surface  as  much  zinc  as  possible. 

Most  of  the  criticisms  on  steel  pipe  this  afternoon  have  been  on 
the  matter  of  threading.  This  has  been  a  surprise  to  me,  as  we 
have  not  heard  much  about  this  trouble  of  late  years.  Steel  pipe 
as  made  direct  from  the  ingot  is  softer,  but  at  the  same  time 
tougher  than  wrought  iron,  and,  therefore,  slightly  harder  to 
thread,  unless  the  dies  are  made  with  somewhat  more  rake  and 
clearance  than  was  the  case  when  nothing  but  wrought-iron  pipe 
was  used.  Most  of  the  good  dies  on  the  market  are  now  properly 
shaped,  and  will  thread  either  iron  or  steel  pipe  without  trouble. 
We  have  made  a  good  deal  of  iron  pipe  in  our  time,  and  now  that 
we  are  making  nothing  but  soft  steel  pipe  our  threading  practice 
is  very  much  better.  Fewer  bad  threads  occur,  and  the  speed  of 
cutting  has  been  increased,with  a  proportional  economy  in  practice. 
You  will  find  a  properly  cut  thread  on  steel  pipe  is  stronger  and 
cleaner  than  can  be  made  on  wrought-iron  pipe  on  account  of  the 
more  homogeneous  character  of  the  metal. 

Bearding  the  reference  to  hard  spots  in  pipe,  it  would  not 
siu-prise  any  one  familiar  with  pipe  business  if  the  instance  of  this 
referred  to  turned  out  on  examination  to  be  the  kind  of  wrought- 
iron  pipe  our  friend  Mr.  Schuhmann  was  describing  as  being  made 
of  miscellaneous  steel  scrap.  When  steel  scrap  is  bought  for  the 
manufacture  of  wrought-iron  pipe  (so  called)  it  is  impossible  to  be 
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sure  of  its  character,  and  consequently  an  occasional  hard  piece 
is  likely  to  be  worked  in  with  the  pipe.  When  steel  is  made  for  the 
manufacture  of  pipe  exclusively,  and  rolled  direct  from  the  ingot, 
this  cannot  happen,  for  if  the  metal  was  not  uniform  or  hard  in 
places  it  would  not  weld,  and  would  be  a  loss  to  the  manufacturer. 
Moreover,  no  carbon  additions  are  made  to  steel  manufactured 
for  pipe.  The  iron  is  refined  to  the  lowest  point  arid  is  relatively 
so  low  in  carbon  that  segregation,  if  it  does  occur,  can  do  no  harm. 
So  the  remedy  against  possible  hard  spots  is  to  purchase  from  the 
concerns  who  have  control  of  their  raw  materials,  and  who  can 
give  satisfactory  assurance  that  sound  and  uniform  metal  is  put 
into  their  product.  One  important  advantage  which  the  steel 
pipe  manufacturer  has,  where  he  is  making  pipe  steel  exclusively, 
is,  that  the  product  of  the  steel  works  is  in  the  hands  of  a  crew  of 
trained  experts  who  can  be  held  responsible  for  the  entire  output  as 
to  quality.  In  making  puddled  iron,  on  the  other  hand,  with  the 
responsibility  divided  among  a  large  number  of  puddlers,  the  same 
control  is  not  possible,  each  man  being,  a  law  unto  himself  within 
rather  broad  limits.  Furthermore,  we  can  speak  from  our  own 
experience  that  it  is  no  easy  matter  to  recruit  the  ranks  of  the  old- 
time  puddlers,  as  the  yoimger  men  are  inclined  to  choose  a  less 
strenuous  job  where  their  skill  can  be  used  to  better  personal 
advantage. 

As  to  the  question  of  weight  and  thickness,  that  is  entirely  in 
the  hands  of  the  consumer.  Steel  pipe  is  now  used  for  such  a 
variety  of  purposes  that  it  has  been  found  necessary  to  make  more 
than  one  standard  weight  for  the  same  size,  and  this  is  also  true  of 
wrought  iron  to  a  certain  extent.  By  specifying  the  weight  re- 
quired, and  allowing  a  reasonable  margin  above  or  below  for 
variation  in  manufacture,  there  should  be  no  trouble  in  this  respect. 

Regarding  the  question  of  marking  pipe  with  the  name  of  the 
manufacturer:  we  have  been  in  the  practice  of  rolling  our  name  on 
all  lap-weld  pipe  for  some  time.  It  is  comparatively  easy  to  do 
this  on  lap-welded  pipe  where  there  is  a  mandrel  on  the  inside 
to  support  the  metal.  However,  marking  butt-welded  pipe  where 
no  mandrel  is  used  is  quite  another  matter.  Most  users  of  pipe 
naturally  object  to  a  depression  being  stamped  in  the  surface,  and 
some  also  object  to  having  the  raised  letters  on  the  pipe.    I  am 
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glad  to  say  we  now  have  a  process  for  rolling  letters  in  relief  on 
butt-welded  pipe  which  will  sooti  be  put  into  practice  so  that  the 
consumer  may  know  that  he  is  getting  genuine  steel  pipe,  made 
under  a  process  which  insures  a  maximum  of  uniformity  and  dur- 
ability. By  this  system  of  marking  it  will  be  impossible  to  confuse 
this  pipe  with  that  made  from  steel  scrap  —  or  wrought  iron. 

The  President.  Professor  Walker,  the  Association  is  much 
indebted  to  you  for  coming  here  this  afternoon  and  for  est  plaining 
the  nature  of  corrosion  so  clearly.  Mr.  Speller  is  a  member  of 
the  Association,  and  I  believe  the  Association  has  a  rule  that  its 
members  are  not  to  be  thanked;  but  I  am  sure  we  have  appreciated 
his  being  here  and  doing  his  duty.  Mr.  Schuhmann,  I  think  I 
voice  the  sentiment  of  the  Association  when  I  thank  you  for 
coming  here  to-day  and  telling  us  so  much  about  your  pipe  and  the 
method  of  its  manufacture,  and  answering  the  questions  which  have 
been  asked  concerning  it. 

Mr.  Raymond  W.  Parlin  *  (by  letter).  Mr.  Albert  Heard, 
superintendent  and  manager  of  the  Washington  County  Water 
Company,  states  that  that  company  completed  its  water  works  in 
July,  1882,  at  which  time  it  began  using  one  and  one-half  inch 
cast-iron  B.  &.  S.  pipe  for  services. 

In  1887,  after  having  had  considerable  trouble  with  the  lead 
joints  in  the  said  pipes,  they  changed  to  one-inch  extra  heavy  gal- 
vanized genuine  wrought-iron  pipe  and  have  used  the  same  since 
with  good  results.  The  character  of  the  soil  is  red  clay  and  lime 
stone.  Some  of  this  style  of  services  have  been  in  since  1882  and 
are  to-day  apparently  in  good  condition. 

The  only  trouble  they  have  had  is  in  some  cases  where  tl\e  gutter 
was  put  in  with  a  base  of  coal  ashes  or  cinders,  in  which  case  the 
dampness  percolating  through  them  causes  the  pipe  to  corrode  and 
to  eat  through  for  a  short  distance  directly  under  the  cinders,  while 
the  pipe  on  each  side  of  the  place  has  the  galvanizing  on  it  intact. 

From  a  superficial  examination  it  would  appear  that  the  trouble 
is  caused  by  the  galvanic  action  set  up  between  the  iron  and  the 
zinc  by  contact  with  the  dilute  acid  from  the  cinders. 

There  are  about  3  200  services,  of  which  at  least  2  400  are  of 
galvanized  pipe,  and  replacements  do  not  average  six  a  year. 

*  Resident  Engineer,  Washington  County  Water  Company,  Hagerstown,  Md. 


38  RELATIVE   CORROSION   OF  IRON   AND   STEEL  PIPE. 

Mr.  Speller  {by  letter).  Mr.  Schuhmann  in  referring  to 
conclusions  reached  from  the  many  comparisons  of  iron  and  steel 
cited  has  failed  to  note  that  the  samples  were  taken  from  pipe 
showing  all  stages  of  corrosion.  (See  average  depth  of  pitting, 
Table  1,  page  17.)  The  experience  showed  that  the  same  com- 
parisons obtained  whether  the  corrosion  was  comparatively  light 
or  otherwise.  In  some  cases  the  samples  were  taken  from  pipe 
which  had  been  pitted  through. 

The  depth  of  the  deepest  pits  were  taken  in  order  to  have  some 
basis  of  comparison.  No  calculations  or  assumptions  were  made, 
nor  was  there  any  necessity  for  such,  as  we  are  here  dealing  with 
simple  facts  from  specific  experiences. 

It  is  only  lately  that  such  comparisons  could  be  looked  for,  as 
steel  pipe  is  a  comparatively  modern  product,  and  whatever  the 
merits  of  the  wrought  iron  prior  to  the  advent  of  steel  pipe,  it  is 
surely  of  more  concern  to  know  how  steel  pipe  stands  up  compared 
with  wrought  iron  made  in  our  time  where  both  were  put  in  service 
together,  under  conditions  which  have  prevailed  during  the  past 
ten  or  fifteen  years. 

Professor  Walker  (by  letter).  It  is  evident  from  what  Mr. 
Schuhmann  says  (page  34)  that  he  did  not  understand  the  nature 
of  the  investigation  which  was  conducted  or  the  basis  of  the  con- 
clusion arrived  at.  Mr.  Schuhmann  mentions  "  his  [Walker's] 
erroneous  assumption  that  the  corrosion  of  both  metals  would 
have  continued  at  the  same  ratio  at  which  it  started,"  and  then 
discusses  the  test  as  though  the  samples  of  pipe  had  been  sub- 
merged in  water  for  a  few  weeks  or  months.  He  is  right  in  stating 
that  a  short  time  exposure  is  an  unreUable  basis  from  which  to 
draw  a  conclusion;  but  such  was  here  not  the  case.  The  pipe 
examined  had  been  in  service  from  two  to  seventeen  years  and  the 
condition  after  long  service  is  what  is  reported  on,  not  a  short 
laboratory  test  such  as  Mr.  Schuhmann  cites.  As  an  indication 
of  the  condition  of  the  pipe,  not  as  a  "  calculation,"  as  Mr.  Schuh- 
mann assumes,  I  give  the  measurement  of  those  samples  of  pipe 
which  were  rusted  to  practical  destruction,  that  is,  where  either 
the  iron  or  the  steel  showed  pits  over  one  tenth  of  an  inch  in  depth. 
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TABLE  2. 


Depth  of  Pitting. 

Sample  —  Number. 

Mean  of  Ten 
Deepest  Pits. 

Deepest 
Pit. 

Least  of  Ten 
Deepest  Pits. 

W-10  — Iron 

W-11  — Steel 

W-22  — Iron 

W-23  — Steel 

W-24  — Iron    ! 

W-25  — Steel 

X-15  —  Iron 

X-16  — Steel 

X-29  — Iron 

X-30  — Steel 

X-49  — Iron 

X-60  — Steel 

X-57  — Iron 

X-58  — Steel   . 

X.69  — Iron 

X-70  — Steel 

X-71  —  Iron 

X.72  — Steel 

—  ...•,•. 

Inches. 
.102 
.075 

.114 
.075 

.139 
.140 

.077 
.040 

.042 
.066 

.077 
.071 

.038 
.026 

.113 
.119 

.115 
.075 

Inches. 
.134 
.095 

.160 
.107 

.168 
.204 

.101 
.047 

.060 
.103 

.113 
.122 

.110 
.053 

.159 
.177 

.169 
.156 

Inches. 
.085 
.067 

.068 
.042 

.109 
.076 

.069 
.034 

.030 
.042 

.049 
.040 

.012 
.012 

.032 
.095 

.063 
.045 
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SOME  THINGS  DOMESTIC  METERS  DO  NOT 

ACCOMPLISH. 

BT  WILLIAM  S.  JOHNSON. 

[Read  February  14,  191B.] 

Five  years  ago  it  was  the  writer's  privilege  to  present  to  this 
Association  some  facts  relating  to  the  consumption  of  water  and 
the  use  of  meters,*  the* chief  object  of  the  paper  being  to  emphasize 
the  fact  that  the  use  of  domestic  meters  does  not  necessarily  mean 
a  low  rate  of  consumption  and  the  lack  of  meters  a  high  rate,  but 
that  there  are  other  conditions  which  have  in  many  cases  a  greater 
influence  on  the  quantity  of  water  used  and  wasted  than  the 
method  of  charging  for  it. 

In  connection  with  the  paper,  statistics  were  presented,  including 
all  of  the  records  which  could  be  obtained,  some  of  which  showed 
results  quite  different  from  those  commonly  quoted  to  show  what 
meters  will  accomplish.  The  discussion  which  followed  seemed  to 
indicate  that  if  the  figures  did  not  show  low  consumption  with  the 
use  of  meters,  the  figures  must  be  wrong. 

Since  this  paper  was  presented  I  have  had  occasion  to  analyze 
the  consumption  of  water  in  several  towns,  and  interesting  facts 
from  other  places  have  come  to  my  attention  showing  even  more 
clearly  than  the  results  presented  five  years  ago  some  of  the 
things  which  domestic  meters  do  not  accomplish,  and  showing  also 
that  any  intelligent  discussion  of  the  probable  saving  of  water  by 
the  introduction  of  meters  should  be  preceded  by  a  study  of  the 
conditions  in  the  town  to  be  metered. 

It  is  very  common  now  to  find  in  a  town  suffering  from  a  shortage 
of  water,  a  number  of  enthusiasts  who  earnestly  believe  that  the 
only  thing  needful  is  to  introduce  meters  and  thus  solve  the 
problem  of  a  future  water  supply  by  reducing  the  consumption. 
The  cities  of  Brockton  and  Fall  River,  with  a  consumption  of  about 
40  gal.  per  person  per  day,  are  invariably  cited  as  examples  of 
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what  can  be  done  in  any  municipality  by  the  introduction  of 
meters. 

In  many  of  these  places  a  study  of  the  conditions  shows  that  any 
such  reduction  of  the  consumption  is  absolutely  impossible.  A 
good  example  of  this  is  the  case  of  a  Massachusetts  town  where 
there  are  perhaps  20  or  25  meters  in  use,  and  where  there  has  been 
a  Uvely  agitation  for  the  introduction  of  meters  to  relieve  the 
shortage  of  water.  Ten  of  the  consumers  already  metered  use  for 
manufacturing  or  mechanical  purposes  enough  water  to  make  the 
average  daily  consumption  in  the  town  35  gal.  per  person.  The 
placing  of  meters  upon  all  of  the  other  800  or  1  000  service  pipes 
would  undoubtedly  reduce  the  consumption  of  water  to  some 
extent,  but  this  town  could  never  be  in  a  class  with  Brockton,  with 
its  consumption  of  less  than  40  gal.  per  person  per  day. 

Other  factors  than  the  use  of  water  for  manufacturing  purposes, 
some  not  so  obvious,  are  almost  universally  overlooked.  The 
stealing  of  water  from  fire-service  supplies;  leakage  from  mains 
and  service  pipes;  and  water  used  for  flushing  sewers,  for  drinking 
fountains,  and  other  public  purposes,  are  large  items  in  the  con- 
sumption of  water,  and  the  finding  of  one  leak  or  of  one  case  of 
stealing  water  may  reduce  the  coijsumption  more  than  the  installa- 
tion of  hundreds  of  domestic  meters. 

As  far  as  the  saving  of  water  is  concerned,  if  I  could  not  have 
both,  I  would  choose  every  time  to  have  some  means  of  measuring 
the  whole  supply  rather  than  to  have  every  domestic  service  pro- 
vided with  a  meter.  The  results  accomplished  at  Holyoke, 
Southbridge,  and  other  places  when  it  was  discovered  by  means  of 
meters  on  the  main  pipes  how  much  water  was  being  used,  show 
what  can  be  accomplished  by  simply  learning  the  necessity  of 
doing  something  and  having  the  encouragement  of  seeing  the 
results  of  one's  labors  recorded  on  the  meter  chart. 

Of  course,  in  pumping  systems  this  does  not  apply,  for  an  idea 
can  always  be  obtained  —  though  sometimes  a  crude  one  —  of 
the  amount  of  water  used  by  the  counter  on  the  pump. 

I  want  to  say  that  I  believe  most  thoroughly  in  meters,  and 
consider  that  the  only  proper  way  to  sell  water  is  by  measure,  and 
in  calling  attention  to  some  of  the  things  which  meters  do  not 
accomphsh  I  do  it  as  an  ardent  "  meter-man." 
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Meters  do  not  prevent  an  increase  in  the  quantity  of  water  used 
for  what  may  be  termed  legitimatepurposes.  This  increase  in  the 
use  of  water,  which  has  been  referred  to  many  times,  is  due  chiefly 
to  the  increase  in  the  number  of  plumbing  fixtures,  especially  in  the 
less  expensive  houses,  and  the  increased  qu^tity  of  water  used 
in  the  modern  fixtures.  The  rate  of  increase  may  be  somewhat 
affected  by  the  use  of  meters,  but  only  to  a  slight  extent,  for 
householders  are  not  likely  to  be  deterred  from  the  introduction  of 
plumbing  fixtures  by  the  fact  that  the  water  is  paid  for  by  measure. 
In  fact,  the  increased  cost  due  to  additional  plumbing  fixtures  is 
generally  less  with  meters  than  it  is  under  fixtures  rates. 

This  natural  increase  in  use  of  water  for  domestic  purposes  is 
best  shown  in  those  places  which  have  been  thoroughly  metered 
for  many  years  and  where  there  have  been  no  great  demands  for 
water  for  manufacturing  purposes.  The  increase  in  the  per  capita 
consumption  at  Brockton,  which  has  been  thoroughly  metered  for 
many  years,  was,  between  1900  and  1910,  34  per  cent.  The  in- 
crease in  Fall  River,  another  thoroughly  metered  city,  during  the 
same  period,  was  22  per  cent.  In  North  Attleboro,  where  all 
services  are  metered,  the  increase  was  44  per  cent.  In  Wellesley 
the  increase  in  that  time  was  30  per  cent.,  and  in  Worcester  it  was 
7  per  cent. 

Comparing  the  increase  in  the  ten-year  period  in  these  places 
thoroughly  metered  with  places  which  have  very  few  meters,  it 
will  be  seen  that,  although  the  per  capita  consumption  is  generally 
larger,  the  percentage  of  increase  is  much  the  same.  In  Beverly, 
where  only  4  per  cent,  of  the  services  are  metered,  the  increase 
was  26  per  cent.;  in  Salem,  20  per  cent.;  in  Danvers,  24  per  cent., 
and  in  Newburyport,  63  per  cent. 

There  are  some  unmetered  towns  in  which  the  increase  has  been 
more  rapid,  such  as  Peabody,  where  the  consumption  increased 
87  per  cent.,  due  largely  to  an  increased  use  for  manufacturing; 
but  there  are  also  unmetered  towns  where  there  has  been  a  con- 
siderable decrease,  such  as  Gardner,  with  a  decrease  of  34  per 
cent,  in  ten  years,  the  reason  for  which  will  te  given  later. 

To  show  the  immediate  efifect  of  introducing  ineters  the  follow- 
ing table  has  been  prepared  in  which  the  different  cities  and  towns 
of  Massachusetts,  for  which  records  of  the  consumption  are  avail- 
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able,  have  been  grouped  according  to  the  increase  in  the  percentage 
of  services  metered  during  the  ten-year  period  from  1900  to  1910, 
and  in  the  iSve-year  period  from  1905  to  1910,  and  the  average 
increase  in  the  consumption  in  each  group  has  been  obtained. 


TABLE  1. 


Fbom  1900  TO  1910. 

Fbom  1905  to  1910. 

Ineraase  in  the' 

Feroentaceof 

Servioea  Metered. 

Number 

of 
Places. 

1 

Increase 

in  the  Daily 

Consumption 

per  Person 

(Gallons). 

Number 

of 
Places. 

Increase 

in  the  Daily 

Consumption 

per  Person 

(GaUons). 

lieflflthanlO 

Proml0to25 

Morethan25 

24 
14 
15 

15 
11 

8 

44 
16 

18 

6 

1 

—  11 

Meters  will  never  make  the  consumption  in  two  places  the  same 
if  the  character  of  the  population  in  respect  to  their  requirements 
for  water  are  different.  Manchester,  with  all  services  metered, 
uses  120  gal.  per  person  per  day;  Dedham,  129  gal.;  and  Beverly, 
with  4  per  cent,  metered,  uses  91  gal.  per  person  per  day.  These 
places  with  large  estates  owned  by  wealthy  men  and  with  sprinklers 
in  operation  continuously  during  the  summer  on  extensive  lawns 
cannot  be  expected  to  have  a  consumption  like  that  at  Fall  River, 
and  yet  in  one  of  these  places  I  have  heard  Fall  River  cited  as  an 
example  of  what  might  be  accompUshed  there  by  the  general 
introduction  of  meters. 

In  many  places  one  of  the  reasons  why  domestic  meters  will  not 
produce  a  low  rate  of  consumption  is  that  there  is  a  large  quantity 
of  water  used  for  manufacturing  or  mechanical  purposes. 

Table  2  gives  statistics  in  regard  to  the  consumption  by  large 
consumers  in  various  places  in  Massachusetts. 

Even  in  the  so-called  unmetered  towns  the  water  used  for 
manufacturing  purposes  is  generally  metered  and  it  is  easy  to 
determine  this  element  in  the  consumption,  which  in  many  cases 
is  an  important  one. 
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In  the  town  of  Peabody,  for  example,  where  only  7  per  cent,  of 
the  services  are  metered,  and  the  meters  are  placed  only  on  the 
large  consumers,  the  average  daily  consumption  amounts  to  152 
gal.  per  person,  and  of  this  64  per  cent,  is  passed  through  the  few 
meters.    This  amoimts  to  97  gal.  per  inhabitant  per  day. 

In  the  town  of  Greenfield  the  quantity  of  water  used  by  twenty 
of  the  large  consumers  amounts  to  46  gal.  per  inhabitant  per  day. 
It  would  obviously  be  impossible  to  bring  the  per  capita  consump- 
tion to  a  very  low  figure  in  either  of  these  towns  by  putting  meters 
on  all  of  the  domestic  services.  In  many  places  the  rates  charged 
large  users  of  water  are  so  low  as  to  encourage  the  use  by  manu- 
facturers of  water  from  the  public  works  rather  than  from  private 
supplies,  being  in  some  cases  less  than  the  actual  cost  of  supplying 
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the  water,  and  what  is  needed  to  reduce  the  consumption  in  such 
cases  is  not  the  introduction  of  domestic  meters,  but  the  introduc- 
tion of  more  equitable  water  rates. 

A  better  basis  for  comparing  the  domestic  consumption  would 
be  to  first  deduct  the  quantity  of  water  used  for  manufacturing 
and  mechanical  purposes.  If  this  were  done,  it  would  be  found 
that  many  of  the  great  differences  which  appear  in  the  per  capita 
consumption  would  disappear.  Thus,  for  example,  if  the  consump- 
tion of  water  by  the  twenty  largest  consumers  were  deducted  from 
the  total  consimiption,  it  would  leave  in  Brockton,  where  the 
reported  consmnption  is  39  gal.  per  person  per  day,  a  domestic 
consumption  of  35  gal.  per  person  per  day.  In  Taunton,  where 
the  reported  consumption  is  63  gal.  per  person  per  day,  there 
would  remain  a  domestic  consumption  of  47  gal.  per  person  per 
day.  The  town  of  Peabody  would  have  a  domestic  consumption 
of  only  55  gal.  per  person  per  day  instead  of  152  gal.  as  reported. 
The  domestic  consumption,  after  deducting  the  manufacturing 
consumption,  would  be  very  much  more  nearly  the  same  in  the 
different  places,  and  some  of  the  places  having  low  consumption, 
which  now  serve  as  examples  of  what  meters  will  do,  would  change 
places  with  some  of  the  other  towns  which  report  larger  consump- 
tions. 

The  quantity  of  water  which  is  stolen  from  the  pipes  cannot 
^be  reduced  by  the  introduction  of  domestic  meters,  and  this  item 
is  of  considerable  importance,  as  I  have  had  occasion  to  learn 
recently. 

In  a  Massachusetts  town  having  about  one  third  of  the  services 
metered  the  consumption  has  been  about  75  gal.  per  person  per 
day  for  several  years.  (Fig.  1.)  A  Uttle  over  a  year  ago  the  night 
consumption  was  so  irregular  that  the  engineer  at  the  pimiping 
station  could  detect  it  on  his  pressure  gage  indicating  a  heavy 
draft  during  certain  hours.  An  investigation  showed  only  one 
place  where  there  could  be  any  night  draft  sufficient  to  cause  such 
irr^ularities  and  this  was  in  a  factory  runnmg  aU  night  and  sup- 
plied with  a  large  connection  for  fire  protection.  A  meter  was 
placed  on  this  coimection  and  the  result  was  as  shown  on  the 
diagram.  The  water  had  been  stolen  from  the  fire  service  at  a 
rate  of  more  than  200  000  gal.  per  day. 
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Not  all  of  the  gain  shown  on  the  diagram,  however,  can  be 
attributed  to  this  one  cause.  A  considerable  portion  of  the  saving^ 
especially  during  the  latter  part  of  the  year,  has  been  due  to  the 
placing  of  the  new  meters  on  services  where  it  was  expected  they 
would  do  the  most  good  instead  of  placing  them  only  where  re- 
quested by  the  consumer,  as  had  been  the  custom  previously.  In 
most  towns  it  is  a  fact  that  meters  on  a  quarter  of  the  services,  if 
the  services  are  inteUigently  selected,  will  accomplish  three 
quarters  of  the  saving  of  water  which  can  be  expected  by  metering 
every  service. 

Leakage  from  the  mains  and  service  pipes  in  the  streets  is 
another  large  source  of  loss  of  water  which  domestic  meters  do  not 
affect.  One  of  the  best  illustrations  of  this  is  shown  in  Fig.  2. 
In  this  town  the  consumption  had  been  increasing  at  a  rapid  rate, 
and  it  seemed  that  an  additional  supply  must  be  secured.  In 
fact,  investigations  were  already  begun  when  some  observant 
person  noticed  during  the  fall  of  1905  that  more  water  was  coming 
out  of  one  of  the  culverts  than  was  entering  at  the  other  end,  and 
it  was  discovered  that  there  was  a  broken  pipe  which  had  been 
discharging  into  this  culvert  for  an  unknown  period.  In  this  town, 
undoubtedly,  Fall  River  and  Brockton  were  quoted,  and  it  was 
maintained  that  the  only  proper  solution  of  the  water-supply 
problem  was  the  introduction  of  meters,  and  yet  by  the  discovery 
of  a  leak  the  consumption  was  reduced  from-  80  gal.  to  35  gal.  per 
person  per  day. 

Another  excellent  illustration  of  what  can  be  done  without 
meters  in  reducing  the  consumption  of  water  is  found  in. Gardner, 
Mass.  '  (Fig.  3.)  The  superintendent,  Mr.  Edwin  L.  Stone,  a 
member  of  this  Association,  has  given  me  permission  to  quote  his 
statement  as  to  the  results  accompHshed. 

*'  The  superintendent  having  died  in  December,  1908,  I  was 
appointed  superintendent  by  the  Water  Commissioners,  March  1, 
1909.  As  I  was  used  to  handling  a  plant  which  was  95  per  cent, 
metered  I  naturally  thojight  the  consumption  very  large.  It  was 
the  custom  of  the  water  department  to  make  an  inspectioii  every  * 
two  years  and  as  this  was  the  year  for  such  an  inspection  a  man 
was  sent  around  to  ascertain  the  number  of  fixtures  and  size  of 
families  and  to  find  leaky  fixtures.  He  was  also  armed  with  an 
aquaphone  and  instructed  to  listen  for  any  unusual  noise  on  the 


50 


SOME  THINGS  DOMESTIC  METERS  DO   NOT  ACCOMPLISH. 


§ 


^ 

CN 

s> 

^ 

S 

^ 

Ci 

S 

Q> 

i 

%^ 

§ 

^ 

0^ 

CO 

suof/pg  -  uo/^diu/isuoo  ^//pg 


< 
H 


o 

O 


a, 

O 

K 

H 

n 


OS 
K 

< 


o 


ao 

o 

o 

o 

o 


D 
Q 
K 


s 


I 


JOHNSON.  '  51 

service  pipes  which  might  indicate  leaks.  Quite  a  few  leaks  were 
found  in  this  way.  Notice  was  at  once  sent  from  the  office  to  have 
leaky  fixtiires  repaired,  and  this  was  followed  by  another  inspection 
of  all  leaky  fixtures. 

"  As  soon  as  the  weather  permitted  I  made  a  very  careful  in- 
spection of  all  the  hydrants  and  gates  and  in  this  way  found  many 
leaks  in  the  main  pipes  and  services,  which,  when  fixed,  made  a 
big  reduction  in  the  water  consumption.  The  result  in  the  first 
year,  nine  months  of  which  were  under  the  new  conditions,  was  a 
saving  of  358  000  gal.  per  day,  or  a  per  capita  consumption  pf 
about  54  gal.  The  result  can  be  shown  better  by  comparing  the 
years  1908  and  1910,  which  gives  a  full  year  under  the  old  condi- 
tions and  a  full  year  after  the  inspection  was  made 

Daily  consumption  1908,      1 100  745  gal.  or  71  gal.  per  capita. 
„  „  1910,  640  602    „    or  43    „     „        „ 


Saving,  460  143  gal.  per  day,  or  about  .42  per  cent. 

"  The  leaks  that  were  found  and  repaired  were  as  follows: 

100  to  150  leaky  fixtures. 
86  outside  leaks. 
43  joints. 

8  pitted  wrought-iron  pipes. 

3  gates. 

2  breaks. 
12  hydrants. 

2  curb  cocks. 

8  lead  connections. 

1  Hn.  pipe  broken. 

6  leaks  were  found  on  private  fire  services. 

"  I  find  it  quite  a  problem  after  reducing  the  consumption  to 
keep  it  within  bounds.  This  I  do  by  makmg  a  careful  study  of 
the  consumption  at  all  times,  recording  each  day's  consumption 
on  a  chart,  noting  the  consumption  particularly  between  6  p.m. 
and  6  a.m.  I  will  say,  without  the  aquaphone  and  a  Winslow  record- 
ing instrument  you  are  lacking  the  most  valuable  assistance.  Too 
much  value  cannot  be  placed  upon  the  aquaphone  when  in 
experienced  hands. 

"  The  water  saving  amounted  to  168  000  000  gal.  per  year. 
There  is  no  way  of  placing  a  value  on  this  water,  but  taking  the 
cost  of  our  auxihary  pumping  at  Perley  Brook,  which  is  $24.42 
per  million,  this  made  a  saving  to  the  town  of  about  $4  100. 

"  There  was  a  saving  in  the  coal  pile  at  the  pumping  station  of 
245  tons,  which  at  $5.10  amounted  to  $1  250,  or  a  total  saving 
of  $5  350  per  year. 
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"  Considering  that  we  have  only  6  per  cent,  of  our  services 
metered  and  have  a  per  capita  consumption  of  only  43.5  gal.,  or 
366  gal.  per  tap,  I  feel  well  pleased,  and  find  it  a  well-paying  propo- 
sition to  keep  constantly  after  the  leaks." 

The  quantity  of  water  used  for  public  purposes  is  frequently  a 
large  percentage  of  the  total  supply,  and  domestic  meters  do  not 
remedy  this.  A  drinking  fountain  will  consume  an  enormous 
quantity  of  water  unless  properly  regulated.  Flush  tanks  on 
sewers,  which  fortunately  are  not  common  in  this  vicinity,  use 
enormous  quantities  of  water.  In  one  city  in  another  state, 
which  is  entirely  metered,  and  where  the  quantity  passed  through 
meters  was  considerably  less  than  half  of  the  quantity  pumped,  it 
was  foimd  upon  investigation  that  almost  as  much  water  was  being 
used  in  the  automatic  flush  tanks  at  the  dead  ends  of  sewers  as 
was  being  passed  through  domestic  meters. 

A  very  unusual  opportunity  to  study  the  effect  of  meters  in  a 
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Reduction  of  Consumption  at  Southbhidgk  with  the  installation 
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town  previously  entirely  unmetered  is  found  in  Southbridge. 
(Fig.  4.)  This  town  is  supplied  by  gravity,  and  until  early  in  191Q 
there  were  practically  no  meters  in  operation  and  there  was  no 
means  of  meiasuring  the  total  quantity  used  by  the  town.  In  May, 
1910,  a  Venturi  meter  was  put  into  operation,  and  it  was  foimd 
that  the  consumption  was  nearly  140  gal.  per  person  per  day. 
This  led  to  an  inspection,  which  revealed  several  large  leaks,  the 
most  of  which  were  in  factory  yards.  As  a  result  of  the  inspection 
alone,  the  consumption  was  reduced  from  140  gal.  to  90  gal.  per 
person  per  day. 

It  was  then  decided  to  meter  the  services,  and,  as  soon  as  the 
meters  could  be  placed,  every  service  in  town  was  supplied  with  a 
meter.  It  is  too  early  yet  to  ascertain  the  effect  of  this  wholesale 
introduction  of  meters,  but  the  consumption  in  December,  1911, 
was  56  gal.  per  person  per  day  instead  of  90  gal.,  which  was  the 
consumption  after  the  inspection  but  before  the  introduction  of 
meters. 

The  total  reduction  in  consumption  has  amounted  to  more  than 
1  000  000  gal.  per  day,  60  per  cent,  of  which  was  due  to  inspection 
stimulated  by  the  introduction  of  a  Venturi  meter,  and  40  per  cent, 
was  due  to  domestic  meters. 

For  the  purpose  of  showing  in  a  general  way  the  relation  between 
the  percentage  of  metered  services  and  the  per  capita  consumption 
I  have  plotted  the  consumption  for  1910  in  all  Massachusetts 
cities  and  towns  having  consimiption  records,  in  order  of  the  per- 
centage of  services  metered.     (Fig.  5.) 

The  places  on  the  left  of  the  diagram  have  very  few  meters,  while 
those  on  the  right  are  thoroughly  metered.  As  would  be  expected, 
the  high  points  occur  generally  among  the  places  having  few  me- 
ters and  those  on  the  right  among  the  metered  towns  can  be  ac- 
counted for.  For  example,  the  two  highest  points  on  the  right 
of  the  diagram  represent  Manchester  and  Dedham,  where  a  high 
consumption  would  be  expected  whether  metered  or  unmetered. 

Excluding  the  abnormal  points  the  average  consumption  in  the 
unmetered  places  is  about  75  gal.  per  person  per  day,  and  in  the 
metered  cities  and  towns  about  50  gal.  It  will  be  noticed  that 
the  reduction  in  consumption  is  much  more  rapid  \^dth  the  first 
50  per  cent,  of  services  metered  than  with  the  last  50  per  cent. 
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When  we  see  side  by  side  figures  showing  the  total  quantity  of 
water  used  and  the  quantity  passed  through  meters  in  those  places 
where  practically  all  of  the  services  are  metered,  and  find  that 
generally  only  60  per  cent,  and  sometimes  as  little  as  30  per  cent, 
of  the  water  is  accounted  for,  it  is  plain  that  there  is  something  yet 
to  be  done  which  the  meters  have  not  accomplished. 

The  slip  of  the  pumps,  and  under-registration  of  meters,  may 
account  for  some  of  the  discrepancy,  but  when  allowance  is  made 
for-  all  of  this,  there  still  remains  a  large  quantity  of  water  which 
cannot  be  accounted  for.  This  is  where  the  efforts  of  the  officials 
in  those  places  which  are  already  metered  should  be  directed,  and 
I  have  no  doubt  that  as  much  can  be  accomplished  in  reducing  the 
consumption  in  some  of  the  towns  which  are  already  metered  as  in 
some  of  the  places  which  are  unmetered. 

It  seems  to  me  that  the  only  way  by  which  we  can  avoid  deceiving 
ourselves  and  others  in  regard  to  what  meters  are  accomplishing 
is  to  separate  the  consinnption  of  water  into  different  classes,  as 
was  urged  by  Mr.  Cole  in  a  paper  presented  to  the  Association  in 
1910,*  determining  the  quantity  used  for  manufacturing,  mechani- 
cal, and  other  purposes,  and  the  quantity  used  for  strictly  domestic 
purposes.  Then,  instead  of  feeling  that  we  have  done  our  whole 
duty  by  putting  meters  on  all  services,  let  us  reduce  the  "  per  cent- 
age  unaccounted  f or  "  as  has  been  done  in  some  of  the  cases  cited. 


DISCUSSION. 

Mb.  Dexter  BRACKETT.f  This  is  a  subject  with  which  I  have 
dealt  for  many  years,  and  in  which  I  have  taken  great  interest. 
I  agree  with  the  speaker  that  the  use  of  water  meters  will  not 
prevent  entirely  the  waste  of  water,  or  even  as  much  as  has  been  in 
many  cases  claimed  by  the  advocates  of  water  meters.  I  do,  how- 
ever, thoroughly  believe  that  water  meters  should  be  used  in 
connection  with  all  water  supplies,  and  they  should  be  installed 
with  the  construction  of  the  works.  And,  further,  it  is  very  de- 
sirable in  works  of  any  considerable  size  that  the  whole  district 


*JouBNAL  N.  E.  W.  W.  A.,  Vol.  24,  p.  636  (appointment  of  committee),  and  Vol.  25,  p. 
66  (Mr.  Cole's  paper). 

t  Chief  Engineer,  Metropolitan  Water  Works,  Mass. 
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may  be  divided  into  sections,  so  as  to  conveniently  measure  the 
quantity  of  water  used  on  different  portions  of  the  works.  In 
this  way  the  quantities  which  are  used  and  wasted,  both  by  the 
individual  takers  and  from  street  mains,  can  be  determined. 

The  conditions  in  different  places  are,  as  the  speaker  has  stated, 
often  very  different.  The  city  of  Melrose  may  be  considered  as 
affording  a  fairly  good  example  of  the  results  which  may  be  accom- 
plished by  the  use  of  meters.  In  that  city  the  per  capita  con- 
sumption in  1907  was  118  gal.,  and  by  the  introduction  of  meters, 
and  without  any  special  effort  to  find  leaks  in  the  street  mains, 
the  consumption  was  reduced  to  64  gal.  in  1910,  a  saving  of  54 
gal.  per  capita.  There  is  still  opportunity  for  a  considerable 
saving  from  leaks  from  the  mains. 

The  adjoining  town  of  Stoneham  has  several  times  largely 
reduced  its  consumption  by  iSnding  leaks  in  the  street  mains,  and 
at  one  time  made  a  saving  of  about  300  000  gal.  I  say  at  one  time, 
because  subsequently  the  leakage  from  the  street  mains  has  in- 
creased, and  has  again  been  reduced  in  the  same  way,  showing  that 
there  is  need  of  constant  vigilance. 

Regarding  the  use  of  Venturi  meters,  I  believe  them  to  be  very 
efficient  instruments  for  the  measurement  of  water,  and  very  use- 
ful in  connection  with  the  detection  of  leaks,  as  by  their  use  it 
is  very  easy  to  judge  as  to  whether  more  water  is  being  used  during 
the  night  than  is  due  to  the  proper  consumption. 

We  have  never  made  any  careful  scientific  tests  to  determine 
the  accuracy  of  the  Venturi  meters.  There  are  sixty  or  more  in 
constant  use,  measuring  all  the  water  that  is  used  by  the  several 
cities  and  towns  in  the  Metropolitan  District.  The  water  which 
is  drawn  from  the  reservoirs  through  the  aqueducts  is  measured 
by  means  of  current  meters.  A  second  measurement  is  made  of  the 
water  by  the  displacement  of  the  pumps  at  the  pumping  stations, 
and  a  third  measurement  is  made  by  the  several  Venturi  meters 
through  which  the  several  cities  and  towns  are  supplied.  There 
are  differences,  due  to  leaks  from  some  portions  of  our  supply 
mains,  which  are  not  metered,  but  the  three  measurements  from 
month  to  month  agree  within  two  per  cent.  I  do  not  think  there 
has  been  any  month  when  it  has  been  more  than  that,  although 
possibly  it  may  have  been  up  as  high  as  three  per  cent.     This  is 
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not  a  strictly  scientific  method  of  testing  the  meters,  but  at  the 
same  time  it  is  a  practical  test,  and  it  shows  that  the  meters  are  not 
far  from  correct,  or,  at  any  rate,  if  they  are  not  correct,  all  the 
other  measurements  agree  with  them. 

Mb.  Allen  W.  Cuddeback.*  It  seems  to  me  the  primary 
object  of  domestic  meters,  and  of  all  meters,  is  not  necessarily 
to  reduce  the  consumption  of  water,  but  rather  to  properly  dis- 
tribute the  cost  of  water  where  it  belongs.  If  the  consumption  is 
large  and  the  domestic  meters  do  not  account  for  their  proper 
proportion  of, the  water,  it  puts  the  operating  department  on 
guard,  and  starts  search  for  waste.  Another  important  point, 
which  has  been  brought  to  my  attention  during  the  recent  cold 
spellj  is  this:  We  supply  three  towns.  Two  of  them  are  50  per 
cent,  metered  and  the  other  is  100  per  cent,  metered.  The  con- 
sumption in  the  towns  50  per  cent,  metered  has  increased  50  per 
cent,  in  the  recent  cold  spell,  while  the  consumption  in  the  town 
100  per  cent,  metered  has  not  increased  at  all.  In  this  climate 
this  is  an  important  consideration,  for  often  in  periods  like  this 
the  capacity  of  any  plant  may  be  overtaxed,  where  meters  are 
not  installed. 

Mb.  Bbaokett.  I  would  like  to  ask  the  last  speaker  whether 
in  the  town  where  there  was  no  increase  in  consumption  the  works 
had  not  been  recently  installed,  that  is,  within  the  last  ten  years, 
or  if  the  meters  were  not  installed  at  the  construction  of  the 
works. 

Mb.  Cuddeback.  The  meters  were  not  installed  at  the  con- 
struction of  the  works,  but  were  installed  only  a  few  years  after- 
wards; and  the  plumbing  in  the  towns  only  50  per  cent,  metered 
is  somewhat  older  than  in  the  town  100  per  cent,  metered.  That 
is,  the  town  100  per  cent,  metered  is  a  newer  town. 

Mb.  Bbackett.  The  results  in  the  different  cities  and  towns 
where  we  have  made  observations  show  that  where  meters  have 
been  applied  to  old  plumbing,  in  Boston,  for  example,  the  house- 
holder will  let  the  water  run  if  the  plumbing  is  liable  to  freeze, 
because  it  is  cheaper  to  pay  for  the  water  than  it  is  to  pay  for 
removing  the  plumbing.  As  an  illustration  of  the  effect  of  cold 
weather,  the  use  of  water  in  the  Metropolitan  District  increased 

^Engineer  and  Superintendent,  Passaic  Water  Company,  Paterson,  N.  J. 
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from  103  083  400  gal.  in  December,  which  was  comparatively 
warm,  to  136  631  000  in  January,  which  was  a  cold  month,  an 
increase  of  33  500  000  gal.  per  day. 

Mr.  Cuddeback.    What  percentage  is  that? 

Mr.  Brackett.    Approximately  33  per  cent. 

Mr.  Frank  L.  Fuller.  Was  that  all  due,  Mr.  Brackett,  to 
allowing  the  water  to  run  to  prevent  freezing? 

Mr.  Brackett.  I  know  of  no  reason  why  the  consumption 
should  have  been  any  larger  in  January  than  in  December  other 
than  the  effect  of  cold  weather. 

Mr.  Fuller.  Mr.  President,  during  the  last  cold  days  I  have 
allowed  the  water  in  my  house  to  run  a  little  at  night.  I  have  taken 
a  reading  in  the  morning  and  compared  it  with  a  reading  during 
twenty-four  hours  when  there  was  no  water  running  to  waste,  and 
found  a  very  sUght  increase.  That  may  be  due  to  the  water  not 
being  registered,  but  whether  it  is  or  not  it  shows  me  that  it  is  un- 
necessary to  let  a  great  deal  of  water  run  to  prevent  pipes  freezing. 

In  regard  to  a  simple  method  of  finding  leaks  in  the  street  mains, 
especially  when  works  are  new,  I  would  like  to  say  that  after  the 
pipes  have  been  filled  and  the  pressure  put  on  to  the  system,  a 
gage  may  be  connected  with  a  hydrant  and  then  the  section  in 
which  the  hydrant  is  located  shut  off.  When  the  last  gate  is  shut, 
see  whether  the  pressure  is  maintained,  or  whether  it  gradually 
falls  ofF.  If  there  is  a  leak  of  much  consequence  the  pressure  will 
reduce  very  quickly;  if  it  is  small,  not  so  fast;  if  there  is  no  leak 
at  all  it  will  be  some  time  before  there  will  be  much  decrease  in 
the  pressure.  I  suppose  after  the  water  has  been  let  on  to  the 
houses,  by  keeping  the  faucets  closed,  the  result  would  be  the  same. 
Certainly  a  leak  of  large  or  even  of  moderate  size  could  be  quickly 
detected.  In  a  large  city  it  would  be  a  slow  process,  but  in  the 
ordinary  town  it  would  take  only  a  short  time  to  do  it. 

Mr.  George  A.  Carpenter.*  Mr.  President,  I  have  been 
impressed  on  several  occasions  with  the  effect  of  the  different 
methods  used  in  computing  per  capita  consumption.  I  assume 
that  the  usual  way  is  to  take  either  the  plunger  displacement,  which 
many  of  us  have  oftentimes  found  to  be  greatly  in  error,  or  the 
meter  measurements  from  a  large  Venturi  meter,  and  to  divide 

♦  City  Engineer,  Pawtucket,  R.  I. 
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these  figures  by  the  total  population,  thereby  arriving  at  the  per 
capita  consumption. 

Ten  years  ago,  when  investigating  this  subject,  I  was  rather 
surprised  to  find  how  low  were  the  figures  of  actual  per  capita 
consumption  when  arrived  at  by  a  different  process.  For  example, 
studying  a  city  in  1900,  taking  the  census  enumerators'  returns 
by  districts,  the  actual  metered  consumption  of  the  several  houses 
in  these  districts,  and  dividing  this  metered  consumption  by  the 
actual  population,  I  found  a  domestic  consumption  of  16.3  gal. 
per  capita,  leaving  out  the  manufacturing  consumption.  Taking 
the  manufacturing  consumption  into  account,  the  per  capita 
consimiption  became  41.8  gal.  per  day.  Based  on  plunger  dis- 
placement and  the  total  population,  the  consumption  figured  90 
gal.  per  capita  per  day. 

Ten  years  later,  or  in  1910,  when  making  a  second  study  of 
this  same  city,  and  following  the  same  methods  as  before,  the 
actual  domestic  consumption  was  found  to  be  19  gal.  per  capita 
per  day,  and  including  the  water  used  for  manufacturing  purposes 
it  became  58  gal.  per  capita  per  day.  At  the  same  time  the  total 
water  consumption  for  the  city,  as  measm-ed  by  a  Venturi  meter 
and  dividing  by  the  population  served,  was  80  gal.  per  capita  per 
day. 

The  above  figures  show  how  large  a  proportion  of  the  figures 
reported  as  per  capita  consumption  applies  to  that  portion  of  the 
water  which  passes  through  drinking  foimtains,  flush  tanks, 
leakage  from  mains  and  services,  or  escapes  in  ways  of  which  we 
have,  at  present,  very  little  definite  information. 
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PROCEEDINGS. 
December  Meeting. 

Hotel  Brunswick, 
Boston,  December  13,  1911. 

The  President,  Mr.  Allen  Hazen,  in  the  chair. 
The  following  members  and  guests  were  present: 

HONORART. 

Mr.  F.  P.  Steams.  —1. 

Members. 

8.  A.  Agnew,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft,  T.  H.  Barnes, 
F.  D.  Berry,  F.  E.  Bisbee,  A.  £.  Blackmer,  J.  W.  Blackmer,  C.  A.  Bogardus, 
Dexter  Brackett,  £.  C.  Brooks,  James  Burnie,  J.  C.  Chase,  G.  E.  Crowell, 
A.  W.  Cuddeback,  E.  D.  Eldredge,  G.  F.  Evans,  G.  H.  Finneran,  F.  F.  Forbes, 
A.  N.  French,  F.  J.  GifiPord,  A.  S.  Glover,  Clarence  Groldsmitb,  J.  N.  Goodell, 

F.  W.  Gow,  F.  H.  Gunther,  R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  Allen  Hasen, 
W.  S.  Johnson,  E.  W.  Kent,  Willard  Kent,  F.  C.  Kimball,  G.  A.  King,  Morris 
Knowles,  N.  A.  McMillen,  H.  V.  Macksey,  A.  E.  Martin,  F.  E.  MerriU, 
William  Naylor,  G.  A.  Nelson,  F.  L.  Northrop,  T.  A.  Peirce,  H.  E.  Perry, 
J.  L.  Rice,  L.  C.  Robinson,  P.  R.  Sanders,  H.  W.  Sanderson,  A.  L.  Sawyer, 
C.  W.  Sherman,  G.  H.  Snell,  F.  N.  Speller,  G.  A.  Stacy,  T.  V.  Sullivan,  H.  A. 
Symonds,  C.  N.  Taylor,  L.  A.  Taylor,  H.  L.  Thomas,  R.  J.  Thomas,  E.  J. 
Titcomb,  D.  N.  Tower,  C.  H.  Tuttle,  W.  H.  Vaughn,  G.  E.  Winslow.  —  66. 

Associates. 

Ashton  Valve  Company,  by  C.  W.  Houghton  and  H.  W.  Ashton;  Builders 
Iron  Foundry  Company,  by  F.  N.  Connet  and  A.  B.  Coulters;  Darling  Pump 
and  Manufacturing  Company,  Ltd.,  by  H.  H.  Davis;  George  E.  Gilchrist 
Company,  by  G.  E.  Gilchrist;  Goulds  Manufacturing  Company,  by  R.  E. 
Hall;  Engineering  Record,  by  I.  S.  Holbrook;  Hersey  Manufacturing  Com- 
pany, by  A.  S.  Glover,  H.  D.  Win  ton,  and  W.  A.  Hersey;  Fred  A.  Houdlette 
&  Son,  Inc.,  by  M.  S.  Kahurl;  Lead  Lined  Iron  Pipe  Company,  by  T.  E. 
Dwyer;  Ludlow  Valve  Manufacturing  Company,  by  H.  F.  Gould;  Charles 
Millar  &  Son  Co.,  by  C.  F.  Glavin;    Mueller  Manufacturing  Company,  by 

G.  A.  Caldwell;   National  Meter  Company,  by  C.  H.  Baldwin,  J.  Q.  Lufkin, 


PROCEEDINGS.  61 

and  H.  L.  Weeton;  Neptune  Meter  Company,  by  R.  D.  Wertz;  Pittsburg 
Meter  Company,  by  R.  A.  Lester;  Piatt  Iron  Works  Company,  by  F.  H. 
Hayes;  Rensselaer  Valve  Company,  by  F.  S.  Bates  and  C.  L.  Brown;  A.  P. 
Smith  Manufacturing  Company,  by  F.  L.  Northrop;  Thomson  Meter  Com- 
pany, by  E.  W.  Shedd;  Walworth  Manufacturing  Company,  by  E.  H.  Rice; 
R.  D.  Wood  &  Co.,  by  E.  J.  Lame;  Henry  E.  Worthington,  by  Samuel  Harri- 
son. —  30. 

Guests. 

J.  G.  Hill  and  R.  W.  Van  Tassell,  water  commissioners,  Lowell,  Mass.; 
George  Smith  and  John  G.  Howland,  Springfield,  Mass.;  S.  W.  Hildreth, 
water  commissioner,  and  J.  L.  Hyde,  town  engineer,  Westfield,  Mass.;  F.  M. 
Griswold,  National  Fire  Prevention  Association,  New  York  City;  B.  E. 
Warren,  Nashua,  N.  H.;  Harry  Barker,  Engineering  News,  New  York  City; 
£.  J.  Mishler  and  George  Schuhmann,  Reading,  Pa.;  George  H.  Perry,  E.  F. 
Hughes,  and  Prof.  W.  H.  Walker,  Boston,  Mass.;  A.  W.  Powers,  Cohoes, 
N.  Y.  — 15. 


The  Secretary  read  applications  for  membership,  duly  approved, 
from: 

Active:  Charles  H.  Ross,  superintendent  Waterloo  Water 
Company, .  Waterloo,  N.  Y.;  Alfred  H.  Young,  .superintendent 
Jewett  City  Water  Company,  Jewett  City,  Conn. ;  W.  E.  Miller, 
C.  E.,  Madison,  Wis.,  engaged  in  railway,  gas,  and  water  engineer- 
ing; John  L.  Hyde,  Westfield,  Mass.,  engaged  in  municipal 
en^eering. 

Associate:  Eddy  Valve  Company,  Waterford,  N.  Y.,  manu- 
facturers of  valves,  hydrants,  etc. 

On  motion  of  Mr.  Sherman,  the  Secretary  was  directed  to  cast 
one  ballot  in  favor  of  the  applicants,  and  he  having  done  so  they 
were  declared  duly  elected  members  of  the  Association. 

Mr.  William  H.  Walker,  professor  of  chemical  engineering, 
Massachusetts  Institute  of  Technology,  presented  a  paper  en- 
titled, "  An  Investigation  of  the  Relative  Life  of  Iron  and  Steel 
Pipe  as  Found  in  Actual  Service."  The  discussion  was  opened 
by  Mr.  F.  N.  Speller,  metallurgical  engineer,  Pittsburg,  Pa., 
representing  steel-pipe  manufacturers,  and  he  was  followed  by 
Mr.  George  Schuhmann,  vice-president  and  general  manager  of 
the  Reading  Iron  Company,  representing  the  manufacturers  of 
wrought-iron  pipe,  and  by  Mr.   Kahurl,  representing  the  new 
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product  manufactured  by  the  American  Rolling  Mills  Company. 
The  discussion  was  also  participated  in  by  Mr.  Smith  of  Springfield, 
Mr.  Dexter  Brackett,  Mr.  Robert  J.  Thomas,  Mr.  Edwin  C. 
Brooks,  Mr.  Richard  A.  Hale,  Mr.  William  F.  Sullivan,  Mr. 
George  A.  Stacy,  Mr.  F.  N.  Connet,  and  Professor  Walker;  and 
Mr.  Schuhmann  and  Mr.  Speller  closed  the  discussion. 
Adjourned. 


Annual  Meeting. 

•    Hotel  Brunswick, 
Boston,  Mass.,  January  10,  1912. 

The  President,  Mr.  Allen  Hazen,  in  the  chair. 
The  following  members  and  guests  were  present: 

Members. 

S.  A.  Agnew,  M.  N.  Baker,  C.  H.  Baldwin,  L.  M.  Bancroft,  Randolph 
Bainbridge,  F.  A.  Barbour,  H.  K.  Barrows,  C.  W.  Batchelder,  A.  E.  Biackmer, 
J.  W.  Blackmer,  C.  A.  Bogardus,  George  Bowers,  Dexter  Brackett,  James 
Bumie,  G.  A.  Carpenter,  C.  £.  Chandler,  H.  H.  Chase,  P.  M.  Churchill, 
R.  C.  P.  Coggeshall,  M.  F.  Collins,  J.  H.  Cook,  John  Doyle,  E.  R.  Dyer, 
J.  L.  Dower,  E.  D.  Eldridge,  B.  R.  Felton,  G.  H.  Finneran,  J.  H.  Flynn, 
F.  L.  Fuller,  Clarence  Goldsmith,  F.  J.  Gifford,  A.  S.  Glover,  J.  M.  Goodell, 
F.  H.  Gunther,  R.  K.  Hale,  E.  A.  W.  Hammatt,  W.  E.  Hannan,  A.  R.  Hatha- 
way, T.  G.  Hazard,  Jr.,  Allen  Hazen,  D.  A.  Heffeman,  M.  F.  Hicks,  H.  K. 
Higgins,  C.  L.  Howes,  W.  S.  Johnson,  A.  W.  Jepson,  E.  W.  Kent,  Willard 
Kent,  F.  C.  Kimball,  G.  A.  King,  Morris  Knowles,  E.  E.  Lochridge,  F.  A. 
Mclnnes,  S.  H.  McKenzie,  W.  A.  McKenzie,  N.  A.  McMiUen,  A.  E.  Martin, 
John  Mayo,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller,  E.  L.  Northrop, 
T.  A.  Peirce,  W.  J.  Sando,  C.  M.  Saville,  J.  Waldo  Smith,  Sidney  Smith,  G.  H. 
Snell,  G.  A.  Stacy,  C.  T.  Treadway,  W.  F.  Sullivan,  J.  A.  Tilden,  C.  H.  Tut- 
tle,  W.  H.  Vaughn,  J.  H.  Walsh,  L.  R.  Washburn,  R.  S.  Weston.  —  77. 

Associates. 

Anderson  Coupling  Company,  by  C.  E.  Pratt;  Builders  Iron  Foundry,  by 
F.  N.  Connet  and  A.  B.  Coulters;  Chapman  Valve  Manufacturing  Company, 
by  Robert  Shirley  and  H.  L.  DeWolfe;  Goulds  Manufacturing  Company,  by 
R.  E.  Hall;  Engineering  Record,  by  I.  S.  Holbrook;  Darling  Pump  and  Manu- 
facturing Company  (Ltd.),  by  J.  L.  Hough  and  H.  H.  Davis;  F.  H.  EEayes 
Machinery  Company,  by  F.  H.  Hayes;  Hersey  Manufacturing  Company,  by 
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Albert  S.  Glover,  J.  A.  Tilden,  and  W.  A.  Hersey;  Kennedy  Valve  Company, 
by  F.  C.  Flinn;  Lead  Lined  Iron  Pipe  Company,  by  T.  E.  Dwyer;  Ludlow 
Valve  Manufacturing  Company,  by  H.  F.  Gould;  Charles  Millar  &  Son 
Company,  by  C.  F.  Glavin;  H.  Mueller  Manufacturing  Company,  by  G.  A. 
Caldwell;  National  Meter  Company,  by  C.  H.  Baldwin  and  J.  G.  Lufkin; 
Norwood  Engineering  Company,  by  H.  M.  Hoeford  and  C.  E.  Childs;  Rens- 
selaer Manufacturing  Company,  by  C.  L.  Brown  and  F.  S.  Bates;  A.  P. 
Smith  Manufacturing  Company,  by  F.  L.  Northrop;  Union  Water  Meter 
Company,  by  Edwin  P.  King  and  E.  K.  Otis;  United  States  Cast  Iron  Pipe 
and  Foundry  Company,  by  D.  B.  Stokes;  Waldo  Bros.,  by  H.  E.  Browne; 
Water  Works  Equipment  Company,  by  W.  H.  Van  Winkle;  R.  D.  Wood  & 
Co.,  by  C.  R.  Wood  and  W.  M.  Simmons.  —  32. 

Guests. 

S.  Pitcher,  Worcester,  Mass.;  W.  G.  Newhall,  Portland,  Me.;  I.  W.  Flower, 
Roe  Stephens  Manufacturing  Company,  Detroit,  Mich.;  H.  M.  Lofton, 
general  manager  Columbian  Iron  Works,  Chattanooga,  Tenn.;  George  E. 
Felber,  Pittsbm^  Valve  Company,  Pittsburg,  Pa.;  W.  L.  Sharpe,  chairman, 
and  Albert  S.  Benson,  chemist,  East  Greenwich,  R.  I.;  Prof.  Kendnon  and 
A.  J.  Loepsinger,  Providence,  R.  I.;  Thomas  T.  O'Connell,  water  commis- 
sioner, Wakefield,  Majss.;  George  W.  Boweis,  Lowell,  Mass.;  A.  C.  Dicker- 
man,  Edward  C.  Sherman,  Frederick  A.  Cole,  and  Edward  F.  Hughes,  Boston, 
Mass.  — 15. 


The  President  then  introduced  Mr.  David  I.  Walsh  who  made 
a  brief  address  to  the  Association. 

The  Secretary  presented  appUcations  for  active  membership, 
properly  endorsed  and  represented  by  the  Executive  Committee, 
from  the  following: 

Lewis  L.  Wadsworth,  Winchester,  Mass.,  engaged  in  con- 
struction of  fortifications,  power  houses,  water  and  sewer  works, 
for  the  Federal  Government,  and  in  building  concrete  bridges 
and  in  general  work;  Paul  Hansen,  University  of  Illinois,  Urbana, 
111.,  engineering  assistant,  Massachusetts  State  Board  of  Health, 
chief  engineer  Ohio  State  Board  of  Health,  state  sanitary  engineer 
of  Kentucky,  and  at  present  engineer  of  the  Illinois  State  Water 
Survey;  Hervey  A.  Hanscom,  West  Medford,  Mass.,  has  been 
engaged  in  construction  of  Metropolitan  Water  Board's  mains, 
Springfield  steel  main,  Medway,  Norton,  and  Barnstable  complete 
water  systems,  and  other  New  England  plants;  Herbert  F.  Sal- 
monde,  Westfield,  Mass.,  has  been  engaged  as  chemist,  Sanitary 
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District,  Chicago,  111.,  chemist  Board  of  Health,  Chicago,  111., 
and  at  present  chemist  West  Parish  Filters  (Springfield  Water 
Works),  Westfield,  Mass.;  Harington  P.  Steams,  Far  Rockaway, 
N.  Y.,  with  the  Queens  County  Water  Company;  Sam  H. 
Pitcher,  Worcester,  Mass.,  assistant  engineer  city  of  Worcester. 

On  motion  the  Secretary  was  instructed  to  cast  the  ballot  of 
the  Association  in  favor  of  the  applicants  named,  and  he  having 
done  so  they  were  declared  duly  elected  members  of  the  Associa- 
tion. 

The  Secretary  read  the  following  communication: 

Water  Department, 
Bangor,  Me.,  January  8,  1912, 
Mr.  Willard  Kent,  Secretary 

N.  £.  Water  Works  Association, 
Tremont  Temple,  Boston,  Mass. 

Dear  Sir,  —  I  have  been  unable  to  secure  any  data  from  my  own  proceed- 
ings or  from  those  of  my  f &ther  in  regard  to  the  effect  of  an  alternating  electric 
current  on  a  pipe,  from  the  standpoint  of  electrolysis.  We  have  had  the  mat- 
ter before  us  for  some  time,  and  have  not  come  to  any  definite  decision.  Some 
state  that  they  consider  it  as  dangerous  as  the  direct,  and  others  claim  it  is 
harmless,  and  the  greater  number  does  not  know. 

Can  you  give  me  any  information,  or  refer  me  to  any  one  who  can?  Thank- 
ing you  in  advance  for  your  kindness,  I  remain, 

Yours  very  truly, 

Harold  H.  Sinclair. 

The  President.  Is  there  any  one  who  can  inform  Mr.  Sinclair 
upon  this  important  point?  The  alternating  current  is  coming 
into  fashion,  and  it  is  something  we  shall  have  to  investigate. 

The  following  reports  of  the  officers  of  the  Association  were 
received : 


Report  of  the  Secretary. 

Mr,  President  and  Gentlemen  of  the  New  England  Water  Works 
Associationy  —  Your  Secretary  submits  the  following  report  of  the 
changes  in  the  membership  and  general  condition  of  the  Associa- 
tion for  the  year  ending  December  31,  1911. 
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MEMBERSHIP. 

The  present  membership  of  the  Association  is  750;  that  of 
one  year  ago  was  747,  a  gain  of  3  during  the  year. 

The  detailed  statement  of  the  changes  in  membership  during 
the  past  year  in  the  several  grades  is  as  follows. 

January  1,  1911.    Honorary'  members 13 

Deceased 1  12 

January  1,  1911.    Total  members 678 

Withdrawals: 

Resigned 18 

Dropped 27 

Died 9    54 

—    —    624 
Initiations: 

January 2 

February 5 

March 9 

April 7 

June 7 

September 10 

November 2 

December 4    46 

One  member  elected  in   1910,  but 
quaUfied  in  1911 1      47 

Reinstated : 

Members  dropped  in  1911 9        9 

—    680 

January  1,  1911.    Total  associates 56 

Withdrawals: 

Resigned 2      54 

Reinstated : 
Associate  resigned  in  1909 1         1 

Initiations: 

September 2 

December 1  3 

—  58 

January  1,  1912.    Total  membership 750 
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The  Secretary  has  received  $6  249.71,  which  has  been  paid  to 
the  Treasurer,  and  has  certified  for  payment  bills  amounting  to 
S3  349.86. 

A  statement  of  the  receipts,  expenditures,  accounts  receivable 
and  bills  payable  will  be  found  in  detail  in  the  report  of  the  Treas- 
urer* 

Respectfully  submitted, 

WiLLARD  Kent,  Secretary. 

The  Treasurer,  Mr.  Lewis  M.  Bancroft,  submitted  the  following 
report. 

CLASSIFICATION  OF  RECEIPTS  AND  EXPENDITURES. 

Receipts. 

Dividends  and  interest $191.19 

Initiation  fees $223.00 

Dues 2  871.00 

Total  received  from  members 3  094.00 

Journal: 

Advertisements $1  763.75 

Subscriptions 183.00 

Sale  of  Journals 279.25 

Sale  of  Reprints 40.89 

Total  received  from  Journal 2  266.89 

Miscellaneous  receipts: 

Sale  of  "  Pipe  Specifications  " $61.80 

Dinners 821.00 

Sundries 6.02 

Total  miscellaneous  receipts 888.82 

Total  receipts $6  440.90 

Expenditures, 
Journal: 

Advertising  agent,  commission $271.50 

Plates 146.17 

Printing 2  117.06 

Editor's  salary 300.00 

Expense 52.19 

Amount  carried  forward $2  886.92 
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Amount  brought  fonraid 12  886.92 

Reporting 58.25 

R^nintis 222.25 

Envelopefl 28.50 

MLscellaneous 13.00 


$3  208.92 


Office: 

Secretary,  salary $150.00 

Expenise 46.27 

Aflflustant  Secretary,  salary 600.00 

Expense 139.26 

Rent 300.00 

Printing 12.50 

Membership  list 186.25 

Stationery 84.86 

Envelopes  and  postage 134.60 

Library 6.25 

Miscellaneous 24.00 


1683.99 


Meetings  and  Committees: 

Stereopticon $68.66 

Dinners $830.00 

Cigars 57.90 

Music 87.00 

974.90 


Badges 55.50 

CircularH 153.50 


1 252.56 

Treasurer's  salary  and  bond 67.50 

"  Pipe  Specifications  " 55.00 

Miscellaneous  expenses 11.75 


Total  expenses $6  279.72 

The  Auditing  Committee  submitted  the  following  report: 

Boston,  Mass.,  January  9,  1912. 

We  have  examined  the  accounts  of  the  Secretary  and  Treasurer  of  the  New 
P2ngland  Water  Works  Association,  and  find  the  books  correctly  kept  and  the 
various  expenditures  of  the  past  year  supported  by  duly  approved  vouchers. 

Respectfully  submitted, 

GEORGE  H.  FINNERAN, 
ALBERT  L.  SAWYER, 
JOHN  H.  WALSH, 

Auditing  Committee^ 
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The  Editor,  Mr.  Richard  K.  Hale,  submitted  the  following 
report: 

Report  of  the  Editor. 

Boston,  January  10,  1912. 

To  the  New  England  Water  Works  Association,  —  I  present  the  following 
report  for  the  Journal  of  the  New  England  Water  Works  Association 
for  the  year  1911. 

The  accompanying  tabulated  statements  show  in  detail  the  amount  of 
material  in  the  Journal;  the  receipts  and  expenditures  on  account  of  the 
Journal  for  the  past  year  (including  the  cost  of  the  December  Journal  and 
reprints,  bills  for  which  were  received  too  late  to  pay  in  1911,  and  which  are 
consequently  not  included  in  the  Treasurer's  statement) ;  and  a  comparison 
with  the  conditions  of  preceding  years. 

Size  of  Volume.  —  The  volume  is  somewhat  smaller  in  total  pages  and 
pages  of  text  than  that  of  several  preceding  years. 

lUiLstrations.  —  The  total  cost  of  illustrations  for  the  year,  including  printing, 
has  been  $270.12,  or  10.3  per  cent,  of  the  gross  cost  of  the  volume. 

Reprints,  —  The  usual  fifty  reprints  of  papers  have  been  furnished  to 
authors  without  charge,  and  additional  reprints,  when  desired,  at  the  cost  of 
the  paper  and  press  work.  The  net  cost  to  the  Association  for  reprints  has 
been  $127.20.  There  have  been  no  advance  copies  of  papers  prepared  during 
the  year. 

Circulation.  —  The  present  circulation  of  the  Journal  is : 

Members,  all  grades 750 

Subscribers 61 

Exchanges 29 

Total 840 

an  increase  of  13  over  the  preceding  year.  Journals  have  also  been  sent  to  48 
advertisers. 

Advertisements.  —  There  has  been  an  average  of  27  pages  of  paid  advertis- 
ing, with  an  income  of  $1  763.75,  a  slight  increase  over  last  year. 

Pipe  Specifications.  —  During  the  year  the  specifications  for  cast-iron  pipe 
to  the  value  of  $61 .80  have  been  sold.  One  thousand  copies  have  been  printed, 
at  a  cost  of  $55.00,  representing  a  net  gain  of  $6.80  for  the  year.  The  net 
gain  up  to  a  year  ago  had  been  $207.25,  so  that  the  total  net  gain  from  this 
source  to  date  is  $214.05.  There  are  still  about  582  copies  of  specifications 
on  hand,  or  about  $58.20  worth  if  sold  at  retail. 

The  Association  has  a  credit  of  $4.61  at  the  Boston  Post-Office,  being  the 
balance  of  the  money  deposited  for  payment  of  postage  upon  the  Journal 
at  poimd  rates. 
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There  are  no  outstanding  billsi  on  account  of  the  Journal,  which  are  not 
included  in  these  tables. 

Respectfully  submitted, 

RICHARD  K.  HALE,  Editor. 


TABLE  No.  1. 

Statement  of  Material  in  Volume  XXV,  Journal  of  the  New 
England  Water  Works  Association,  1911. 
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TABLE  No.  2. 

Receipts  and  Expenditxtres  on  Account  op  Volume    XXV,  Journal 
OF  THE  New  England  Water  Works  Association,  1911. 

Receipts.  Expenditures. 

From  advertisements  ...  $1  763.75    For  printing  Journal    .    .  $1  440.31 

From  sale  of  Journal    .    .       279.25    For  printing  illustrations   .  97.75 

From  sale  of  reprints  .    .    .         47.05    For  preparing  illustrations,  172.37 

Subscriptions 183.00    For  editor's  salary  ....  300.00 

For  editor's  incidentals  .    .  31.94 

$2  273.05    For     advertising     agent's 

commissions 269.50 

Net  cost  of  Journal  .    .    .        352.82    For  reporting 139.75 

For  reprints 174.25 


S2  625.87 


$2  625.87 
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On  motion  of  Mr.  Coggeshall  it  was  voted  that  the  reports 
of  the  Secretary,  Treasurer,  Auditin^r  Committee,  and  Editor  be 
received  and  placed  on  file. 

The  President  then  called  for  the  report  of  the  Committee 
''  to  look  after  and  keep  track  of  legislation  and  other  matters 
pertaining  to  the  Conservation,  Development,  and'  Utilization  of 
the  Natural  Resources  .of  the  Country,"  Mr.  M.  N.  Baker, 
chairman. 


Report  op  Committee  on  Conservation,  Development,  and 

Utilization  of  Natural  Resources. 

Mr.  M.  N.  Baker.  Mr.  President  and  Members  of  the  Associa- 
tion,—  The  committee  has  no  very  specific  report  to  make.  In 
fact,  its  name  has  been  sufficient  to  weight  it  down  so  that  it 
has  been  unable  to  do  anything  for  several  years  past.  You  are 
all  quite  as  familiar  as  are  the  members  of  the  committee  with 
the  conservation  movement,  and  nothing  has  come  up  which  it 
has  seemed  necessary  for  the  committee  to  lay  before  you  at  this 
time. 

The  President.  The  next  business  is  the  report  of  the  Com- 
mittee "  to  prepare  a  Standard  Specification  for  Fire  Hydrants," 
Mr.  H.  O.  Lacount,  chairman. 

Mr.  George  A.  Stacy.  Unfortunately,  Mr.  Chairman,  Mr. 
Lacount  is  sick  and  unable  to  be  present,  but  we  expect  a  messenger 
from  him  with  a  document  that  we  will  desire  to  present,  in  addi- 
tion to  the  report  which  has  been  submitted  in  print. 

It  is  very  unfortunate  that  just  at  the  time  when  we  have 
reached  the  climax  of  this  long-drawn-out  work  the  chairman  can- 
not be  here,  for  he  has  done  a  very  large  amount  of  the  work. 

The  President.  We  will  pass  the  consideration  of  the  report 
of  the  Committee  to  Prepare  a  Standard  Specification  for  Fire 
Hydrants,  and  I  will  call  for  the  report  of  the  Committee  "  on 
Uniformity  of  Hose  and  Gate  Nuts  and  Direction  of  Opening/' 
Mr.  Frank  L.  Fuller,  chairman. 
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Report  of  Committee  on  Uniformity  of  Hose  and   Gate 

Nuts  and  Direction  of  Opening. 

Mr.  Frank  L.  Fuller.  Mr.  President,  Mr.  Lacount  called 
me  up  about  an  hour  before  I  left  for  this  meeting  in  regard  to 
this  matter,  and  I  told  him  that  it  seemed  to  me  that  the  work 
of  the  Committee  on  Uniformity  of  Hose  and  the  Direction  of 
Opening  of  Hydrants  and  Gates  was  covered  by  the  report  which 
the  Committee  on  Standard  Specification  for  Fire  Hydrants  had 
made,  and  I  think  that  is  true.  It  seems  to  me  that  the  Com- 
mittee on  the  Uniformity  of  Hose  and  Gate  Nuts,  etc.,  has  really 
done  its  work  and  ought  to  be  discharged  from  further  service, 
for  if  there  is  anything  further  in  this  matter  it  will  come  up 
under  the  work  of  the  new  committee. 

On  motion  it  was  voted  that  the  report  of  the  committee  be 
accepted  and  the  committee  be  discharged. 

The  President.  The  next  matter  is  the  report  of  the  Com- 
mittee "  on  Water  Consumption  and  Statistics  Relating  Thereto," 
Mr.  Leonard  Metcalf ,  chairman. 

Report  of  Committee  on  Water  Consumption  and  Statistics 

Relating  Thereto. 

Mr.  Leonard  Metcalf.  Mr.  Chairman,  I  regret  that  your 
committee  is  not  ready  yet  to  make  a  report  to  you  upon  its  work. 
We  have  gotten  together  quite  a  lot  of  material,  but  we  regret 
to  say  that  the  material  is  not  of  the  sort  which  we  had  hoped  to 
get.  I  think  all  of  you  will  appreciate  the  difficulties  of  the  problem 
of  getting  records  of  this  sort  sufficiently  comprehensive  to  be 
significant;  and  the  committee  —  or  at  least  I,  for  one  —  have 
come  to  the  conclusion  that  we  will  be  able  to  do  more  effective 
work  —  in  fact,  we  think  we  can  only  present  to  you  material  of 
vajue  —  by  taking  the  records  of  a  certain  number  of  plants,  a 
few  plants,  and  putting  enough  study  on  to  those  to  get  some 
fundamental  facts. 

Therefore,  your  committee  asks  that  it  may  be  continued 
another  year,  and  takes  this  opportunity  to  ask  that  any  of  you 
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who  may  feel  that  5''ou  have  within  your  company  records,  or  the 
records  of  the  plant  which  you  are  operating,  material  which 
could  be  worked  up  at  an  expense  of  time  and  money,  perhaps, 
but  material  which  is  available,  you  would  advise  the  committee 
of  this  fact,  so  that  we  may  see  if  we  cannot  put  the  necessary 
work  upon  plants  where  we  know  the  material  is  available. 

I  might  say  that  in  the  course  of  a  trip  abroad  this  last  summer 
I  made  a  number  of  inquiries  along  this  line  to  see  if  statistics 
had  not  been  accumulated  abroad  with  regard  to  the  division 
or  character  of  water  consumption.  In  Germany  in  particular 
I  found  that  records  were  available  concerning  the  public  uses  of 
water,  but  there  they  virtually  stopped.  There  was  none  of  the 
division  as  between  a  domestic  consumption  and  a  manufacturing 
consumption  which  we  are  after,  at  least  so  far  as  I  was  able  to 
find;  and,  of  course,  conditions  of  life  and  the  use  of  water  in 
this  country  are  so  different  from  the  conditions  abroad  that  we 
ought  to  study  the  problem  at  home.  So  your  committee  asks 
to  be  continued  another  year,  Mr.  Chairman,  if  that  is  the  pleasure 
of  the  Association. 

The  President.  I  am  sure  we  all  are  glad  to  hear  that  this 
important  matter  is  going  forward.  I  think  no  action  is  necessary 
to  grant  the  continuance  for  another  year,  as  asked  for. 

Next  is  the  report  of  the  Committee  "  to  collect  Information 
as  to  Low-Water  Yields  of  Catchment  Areas  in  New  England, 
and,  at  their  Discretion,  Outside  of  New  England,"  Mr.  Frederic 
P.  Steams,  chairman. 

Mr.  Harold  A.  Barrows.  Mr.  Chairman,  the  chairman  of 
the  committee  has  asked  me  to  read  this  very  brief  progress  report 
of  the  work  of  the  committee,  dated  January  10,  1912. 

Mr.  WiLLABD  Kent,  Secretary, 

New  England  Water  Works  Association, 
715  Tremont  Temple,  Boston,  Mass. 

Dear  Sir,  —  The  Committee  on  Yield  of  Drainage  Areas  has  no  extended 
report  to  make  at  this  time,  but  can  report  substantial  progress  in  accordance 
with  the  plan  described  briefly  in  the  report  of  the  committee  made  to  you  at 
the  annual  convention  in  September.  Circular  letters  and  blank  forms  were 
submitted  to  all  the  members  of  the  committee  on  October  25,  with  the  ex- 
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pectation  of  including  information  upon  the  yield  of  drainage  areas  through 
the  year  1911,  which,  owing  to  the  conditions  of  drought  prevailing  well  into 
the  season,  it  was  necessary  to  include  in  the  period  covered  by  our  investiga- 
tions. 

Preparation  of  data  by  members  of  the  committee  and  other  parties  is  well 
under  way,  but  a  further  period  of  several  months  will  be  required  in  which  to 
complete  this  work. 

Very  truly  yours, 

Frederic  P.  Stearns,  Chairman^ 
H.  K.  Barrows,  Secretary, 

For  the  CommiUee. 

The  President.  I  think  the  work  of  this  committee  is  one  of 
the  most  important  matters  that  the  Association  has  in  hand  at 
this  time,  and  while  we  want  the  result  as  promptly  as  possible, 
I  think  the  necessary  tim^  to  put  the  information  in  the  best 
shape  should  be  granted. 

Mr.  J.  Waldo  Smith  then  spoke  of  matters  connected  with  the 
crossing  of  the  Hudson  River,  giving  incidents  and  figures  con- 
cerning the  investigation  and  progress  of  the  work. 

The  President.  Is  the  Committee  to  Prepare  a  Standard 
Specification  for  Fire  Hydrants  now  ready  to  report? 


Report  of  Committee  to  Prepare  a  Standard  Specification 

FOR  Fire  Hydrants. 

Mr.  George  A.  Stacy.  Mr.  President,  we  have  heard  from 
Mr.  Lacount.  He  has  sent  a  preliminary  statement  to  accompany 
the  report  made  by  the  full  committee,  with  a  request  that  it  be 
read.  Mr.  Sullivan,  a  member  of  the  committee,  will  now  read 
the  statement,  which  is  in  the  nature  of  an  historical  sketch  intro- 
ductory to  the  printed  report  which  i^  before  you. 

Mr.  William  F.  Sullivan.  I  regret  Mr.  Chairman,  that  Mr. 
Lacount  is  not  here  to-day,  because  of  illness,  to  make  this  state- 
ment, but  it  has  just  been  handed  to  me  to  read.    It  is  as  follows: 

"  Two  years  ago  this  committee  made  a  progress  report  and  submitted  a 
tentative  set  of  specifications  for  post  hydrants.  A  year  later  we  reported 
that  unexpectedly  we  had  been  unable  to  carry  out  certain  tests  as  planned  on 
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present  makes  of  hydrants,  due  to  the  fact  that  the  manufacturers  were 
unwiUing  to  assist  the  committee  by  loaning  sample  hydrants  for  test,  and  it 
was  recommended  that  the  specifications  previously  reported  be  continued  as 
the  tentative  specifications  of  the  Association. 

"  Although  we  have  not  yet  received  any  assistance  from  the  manufacturers, 
we  nevertheless  have  been  able  to  obtain  during  the  past  year  several  hydrants 
for  test,  and  from  these  tests,  which  have  cost  several  hundred  dollars  to  carry 
out,  we  have  obtained  some  of  the  information  desired.  As  a  result  of  the 
further  study  of  the  subject,  a  few  amendments  of  the  specifications  previously 
submitted  have  been  found  advisable,  and  we  now  present  for  your  final 
consideration  and  adoption  the  specifications  as  amended,  advance  copies  of 
which  were  sent  to  the  members  of  the  Association  with  the  notice  of  this 
meeting.  A  copy  of  the  specifications  and  notice  of  the  meeting  were  also 
sent  to  each  hydrant  manufacturer  of  whom  we  had  any  knowledge. 

"  We  wish  to  say  also  that  these  specifications  have  been  sent  to  the  hydrant 
committee  of  the  N.  F.  P.  A.,  and  also  American  Water  Works  Association, 
and  from  the  replies  thus  far  received  from  the  N.  F.  P.  A.  Committee  and 
from  previous  interviews  with  chairman  of  the  American  Water  Works  Com- 
mittee, it  is  believed  that  the  specifications  will  meet  the  approval  of  both 
committees. 

*'  We  therefore  trust  that  this  Association  will  approve  the  specifications 
substantially  as  now  submitted,  to  the  end  that  there  may  be  finally  one 
standard  hydrant  specification  for  this  country. 

"  H.  O.  Lacount,  Chairman.^' 


PROPOSED  SPECIFICATIONS  FOR  POST  HYDRANTS. 
FINAL  REPORT  OF  THE  COMMITTEE. 

1.   SIZE. 

a.  The  size  of  hydrants  shall  be  designated  by  the  nominal 
diameter  of  the  net  valve  opening,  which  must  be  at  least  5  inches 
for  hydrants  having  two  2J-inch  hose  connections  and  6  inches  for 
those  having  three  or  four  2i-inch  hose  connections. 

In  hydrants  having  valve  openings  of  shapes  other  than  circu- 
lar, the  designation  of  size  must  be  the  diameter  of  the  circle  equal 
in  area  to  that  of  the  valve  opening. 

6.  The  net  area  of  the  waterway  at  the  smallest  part  when  the 
hydrant  is  wide  open  must  not  be  less  than  that  of  the  valve 
oi>ening. 

In  new  designs  it  is  recommended  that  inside  diameter  of  hy- 
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drants,  especially  at  the  outlets,  be  7  inches  and  8  inches  respec- 
tively for  hydrants  having  5-inch  and  6-inch  valve  openings. 

c.  Hydrants  must  be  fitted  with  bell  ends  to  fit  New  England 
Water  Works  Association  standard  pipe,  or  with  flanges  of  stand- 
ard dimensions  and  having  standard  bolt  layouts,  published 
jointly  by  the  American  Society  of  Mechanical  Engineers  and 
the  National  Association  of  Master  Steam  and  Hot  Water  Fit- 
ters, as  given  in  the  following  table.  Holes  are  not  to  be  drilled 
on  the  center  line,  but  synmietrically  each  side  of  it. 
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Where  working  pressure  is  from  125  to  250  poxmds,  the  standard  for  heavy  flanges  must  be  used. 


2.    GENERAL  DESIGN. 

a.  Any  changes  in  diameter  of  the  water  passage  through  the 
hydrant  must  have  easy  curves  and  all  outlets  must  have  rounded 
corners  of  good  radius. 

6.  Hydrants  must  be  so  designed  that  with  ordinary  usage  they 
will  not  cause  water  hammer. 

c.  Hydrants  must  be  so  designed  that  the  leaded  joint  under- 
ground can  be  strapped. 

In  any  new  design  it  is  recommended  that  the  hydrant  be  so 
constructed  that  when  the  valve  is  shut  it  will  remain  tight  when 
top  of  hydrant  is  removed  or  barrel  is  broken  off. 
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3.    MATERIAL   OF  BODY. 

The  hydrant  body  shall  be  made  of  cast  iron  of  good  quality, 
such  as  shall  make  the  metal  strong,  tough,  and  of  even  grain. 
The  strength  of  the  cast  iron  must  be  that  required  by  the  speci- 
fications for  standard  cast-iron  pipe  12  inches  and  less  in  diameter. 

4.    HOSE  NIPPLES  AND  VALVES. 

a.  Hose  nipples  must  be  of  bronze,  threaded  with  a  fine  thread 
into  the  hydrant,  and  securely  pinned  in  place. 

6.  Hose  threads  on  all  hydrants  to  be  installed  in  any  given 
community  must .  of  necessity  be  interchangeable  with  those 
already  in  service,  but,  where  practicable,  threads  should  conform 
to  the  1906  National  Standard  adopted  by  the  National  Fire 
Protection  Association.  The  essential  features  of  the  '*  National 
Standard  "  are  a  60  degree  V-thread,  outside  diameter  on  male 
threads  of  S-^  inches  and  7J  threads  per  inch. 

c.  Inside  hose-gate  valves  must  have  bronze  working  parts  and 
be  of  rugged  design  and  must  not  introduce  an  unnecessary  friction 
loss.  There  must  be  ample  clearance  between  the  gate  and  the 
hydrant  body  when  the  gate  is  in  any  position.  The  gate  and  parts 
should  be  interchangeable  and  the  valves  should  be  located  so  as  to 
be  as  accessible  as  possible  for  repairs.  The  gate  must  be  designed 
so  that  it  cannot  come  ofif  in  use.  The  top  of  the  stem  must  be 
below  the  level  of  the  hydrant  stem  nut  so  that  the  hydrant 
wrench  can  be  freely  operated.  If  outside  hose-gate  valves  are 
used  instead  of  inside  valves,  they  must  be  of  bronze  or  of  iron 
with  bronze  trimmings,  with  lugs  cast  on  the  valve  body,  each 
valve  must  be  boltedto  the  hydrant  by  two  f -inch  tap  bolts,  spaced 
5|  inches  on  centers.  The  valves  must  not  project  further  than 
necessary  and  must  be  of  the  inside  screw  type,  placed  in  a  vertical 
position  with  the  hand-wheel  at  least  3  inches  below  the  base  of 
the  operating  nut. 

d.  The  stems  of  the  hose  valves  must  be  not  less  than  f  of  an 
inch  in  diameter  for  the  2J-inch  valves,  and  not  less  than  |  of  an 
inch  in  diameter  for  the  valves  at  the  steamer  connections. 

6.  The  stem  nut  of  the  inside  hose-gate  valve  must  be  ^  of  an 
inch  square. 
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5.    HYDRANT  VALVE. 

a.  The  seat  must  be  made  of  bronze,  securely  fastened  in  place. 

b.  The  valve  must  be  faced  with  a  yielding  material  such  as 
rubber  or  leather  except  that  if  of  the  gate  type  a  bronze 
ring  may  be  used.  The  valve  must  be  designed  so  that  it  can  be 
easily  removed  for  repairs  without  digging  up  the  hydrant. 

c.  With  gate  type  of  valve,  clearance  of  parts  must  be  such  that 
corrosion  will  not  make  the  parts  inoperative. 

6.   DRIP  VALVE. 

a.  A  positively  operating  non-corrodible  drip  valve  must  be 
provided  and  arr9,nged  so  as  to  drain  the  hydrant  when  the  main 
valve  is  shut. 

6.  The  seat  of  the  drip  valve  must  be  securely  fastened  in  the 
hydrant.  All  other  parts  of  the  drip  mechanism  must  be  designed 
to  be  easily  removed  without  digging  up  the  hydrant. 

7.    OPERATING   STEM. 

a.  The  operating  stem  at  the  base  of  the  thread  where  threaded, 
and  also  where  it  passes  through  the  stuffing  box  and  gland,  must 
be  of  bronze  not  less  than  1^  inches  in  diameter.  The  bronze  must 
have  a  tensile  strength  of  not  less  than  32  000  pounds  per  square 
inch.  The  remainder  of  the  stem  may  be  of  iron  with  cross- 
sectional  area  not  less  than  1^  square  inches,  except  at  couplings, 
where  the  area  may  be  1  square  inch.  The  operating  stem  must 
be  attached  so  that  in  operation  it  will  be  impossible  for  it  to 
become  detached. 

6.  The  stem  must  terminate  at  the  top  in  a  nut  of  pentagonal 
shape,  finished  with  slight  taper  to  IJ  inches  from  .point  to  flat^ 
except  for  hydrants  to  be  installed  where  existing  hydrants  have 

different  shape  or  size  of  nut,  in  which  case 
the  additional  hydrant  must  have  the'same 
operating  nut  as  the  old  ones  for  uniform- 
ity. The  nut  socket  in  the  wrench  must  be 
made  without  taper  so  as  to  be  reversible, 
c.  The  thread  which  operates  the  valve 
.  must  be  Acme  standard.  See  sketch  op- 
posite. 


0.3707 

No  of  threods  per  inch 
j ^__ 

Twice  No  of  thds  per  inch 
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8.  STUFFING   BOX  AND   GLAND. 

a.  The  stuffing  box  and  gland  must  be  of  bronze  or  bronze- 
bushed.  If  a  packing  nut  is  used,  it  must  be  of  bronze.  The 
bottom  of  the  box  and  end  of  the  gland  or  packing  nut  must  be 
slightly  beveled, 

b.  Gland  bolts  or  studs  must  be  of  bronze,  iron,  or  steel,  at  least 
f  of  an  inch  in  diameter.    The  nuts  must  always  be  of  bronze. 

9.    HYDRANT  TOP. 

a.  The  hydrant  top  must  be  designed  so  as  to  make  the  hydrant 
as  weatherproof  as  possible  and  thus  overcome  the  danger  of  freez- 
ing the  stem.  Provision  must  be  made  for  oiling  both  for  lubri- 
cation and  to  prevent  corrosion.  A  reasonably  tight  fit  should  be 
made  around  steins. 

6.  There  must  be  cast  on  the  hydrant  top,  in  characters  raised 
i  of  an  inch,  an  arrow  at  least  4  inches  long  showing  direction  to 
oi>en,  and  the  word  "  Open  "  in  letters  1  inch  high. 

10.  HOSE   CAPS. 

a.  Hose  caps  must  be  provided  for  all  hose  outlets,  and  must  be 
securely  chained  to  the  barrel  with  a  welded  chain  of  wire  not 
less  than  |  of  an  inch  in  diameter. 

b.  The  hose-cap  nut  must  be  of  the  same  size  and  shape  as  the 
stem  nut. 

c.  A  leather  washer  must  be  provided  in  the  hose  cap,  set  in  a 
groove  to  prevent  its  falling  out  when  the  cap  is  removed. 

11.  MARKINGS. 

Hydrants  must  be  marked  with  the  name  or  trade  mark  of  the 
manufacturer,  the  nominal  size,  and  the  year  of  manufacture.  All 
letters  and  figures  must  be  cast  on  the  hydrant  well  above  the 
groxmd  line.  They  must  be  1  inch  high  and  raised  |  of  an  inch 
on  the  casting. 

12.   TESTING. 

a.  Hydrants  must  be  tested  to  at  least  300  pounds  per  square 
inch  before  leaving  the  factory.    If  the  working  pressure  is  over 
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150  pounds  per  square  inch,  the  hydrants  must  be  tested  to  twice 
the  working  pressure.  The  test  should  be  made  with  the  valve 
open  in  order  to  test  the  whole  barrel  for  porosity  and  strength  of 
hydrant  body.  A  second  test  should  be  made  with  the  valve  shut 
in  order  to  test  the  strength  and  tightness  of  the  valve. 

5,  Hydrants  must  be  fully  opened  and  closed  before  shipping 
in  order  to  test  the  freedom  and  strength  of  the  parts.  The  con- 
ditions of  the  test  should  be  made  as  severe  as  are  liable  to  occur 
in  service  when  using  a  hydrant  wrench  at  least  17  inches  long. 

13.    DIRECTION   TO   OPEN. 

Hydrants  must  open  to  the  left  (counter-clockwise),  except 
those  to  be  installed  where  existing  hydrants  open  to  the  right,  in 
which  case  the  additional  hydrants  must  turn  the  same  as  the  old 
ones  for  the  sake  of  uniformity. 

H.  0.  LACOUNT,  Chairman, 
GEORGE  A.  STACY, 
FRANK  A.  McINNES, 
FRED  W.  GOW, 
WILLIAM  F.  SULLIVAN, 

CommiUee. 


The  President.  Gentlemen,  you  have  heard  this  report. 
Before  taking  action  on  this  important  matter  I  think  full  discus- 
sion of  it  should  be  had,  and  I  think  it  only  proper  to  say  that  the 
associate  members  having  to  do  with  hydrants  are  entitled  to  take 
part  in  the  discussion.    The  matter  is  now  before  you,  gentlemen. 

Mr.  Samuel  A.  Agnew.  Mr.  President,  considering  the  fact 
that  I  have  talked  with  some  of  the  hydrant  manufacturers  and 
they  have  expressed  a  desire  to  be  called  in  conference  with  this 
committee,  before  it  was  decided  just  what  should  be  done  with 
regard  to  changing  hydrants  and  adopting  a  standard  specifica- 
tion, I  am  rather  surprised  to  hear  that  they  have  given  no  assist- 
ance whatever. 

I  do  not  know  that  it  is  in  order,  but  if  it  is  I  would  suggest  that 
a  committee  be  appointed  to  confer  with  the  manufacturers,  so 
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that  the  whole  question  may  be  threshed  out  with  the  men  who 
certainly  ought  to  know  something  about  making  hydrants. 

As  I  imderstand,  there  are  a  good  many  minor  changes  suggested 
in  this  report,  which  would  result  in  a  considerable  difference 
between  the  hydrants  which  are  suggested  and  those  that  we  are 
using  at  present.  This  will  necessitate  on  the  part  of  the  water 
•departments  the  keeping  of  duplicate  sets  of  parts  of  different 
kinds  of  hydrants,  which  I  should  consider  very  undesirable.  It 
is  hard  enough  to  take  care  of  the  hydrants  we  have  and  to  keep 
on  hand  sufficient  parts  to  keep  the  present  hydrants  in  repair, 
without  having  to  have  a  new  set  of  hydrants  and  parts  for  them. 

Mr.  Sullivan.  Mr.  President,  I  would  say  that  this  committee 
has  already  conferred  with  the  manufacturers.  We  had  one  con- 
ference in  Boston,  and  at  that  meeting  the  manufacturers  said 
that  they  would  continue  to  interest  themselves  in  this  matter, 
and  that  they  would  keep  in  touch  with  this  committee.  I  do  not 
know  the  reason  why  the  manufacturers  failed  to  cooperate  and 
keep  in  touch  with  the  hydrant  committee.  I  know  that  Mr. 
Lacount,  as  the  chairman  of  our  committee,  has  given  much  time 
and  thought  to  these  specifications,  and  I  know  that  on  several 
occasions  he  gave  the  manufacturers  an  opportunity  to  come 
before  the  committee  and  discuss  changes  in  the  specifications. 

As  a  member  of  the  committee,  I  do  not  want  to  antagonize 
the  manufacturers,  and  I  think  the  committee  as  a  whole  is 
perfectly  willing  that  the  manufacturers  even  at  this  date 
should  come  in  and  confer  with  them.  If  another  committee  is 
appointed  I  do  not  see  that  there  will  be  much  need  of  the  present 
one  continuing  along  the  lines  upon  which  we  havfe  been  working. 

In  order  to  bring  the  matter  before  the  Association,  which  is  the 
body  to  decide,  and  to  bring  it  to  your  consideration  so  that  you 
may  act  upon  it,  I  move  the  adoption  of  these  specifications  as 
printed.  I  do  not  make  this  motion  with  the  idea  of  rushing  it 
through,  but  simply  to  give  the  members  and  the  hydrant  manu- 
facturers who  are  here  to-day  in  large  numbers,  an  opportunity 
to  express  themselves  and  make  known  their  objections. 

I  know  the  members  of  the  committee  are  willing  to  meet  the 
hydrant  manufacturers  on  almost  any  ground.  The  committee's 
work  has  been  simply  to  prepare  a  definite  set  of  specifications, 
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SO  that  the  members  of  this  Association,  or  any  purchasers  of 
.hydrants,  may  know  exactly  what  is  a  5-in.  hydrant  or  a  6-in. 
hydrant  and  the  hydrant's  characteristics  and  eflGiciency,  its 
strength,  durability,  and  method  of  manufacture  on  lines  similar 
to  the  New  England  Water  Works  Standard  Specifications  for 
Cast-iron  Pipe.  I  hope  that  the  members  and  the  hydrant  manu- 
facturers here  to-day  will  express  themselves,  so  that  by  this 
means,  at  least,  the  hydrant  conmiittee  will  be  able  to  get  some 
information  and  learn  what  the  manufacturers  and  members 
want  regarding  these  specifications.  The  final  word,  however, 
with  regard  to  hydrant  specifications  must  come  from  the  Associa^ 
tion.  You,  gentlemen,  are  the  final  judges,  for  you  buy  and  pay 
for  the  hydrants. 

Mr.  Frank  C.  Kimball.  I  second  the  motion  that  we  adopt 
the  specifications. 

The  President.  The  matter  is  still  open  for  discussion.  I  see 
several  representatives  of  the  manufacturers  present,  if  I  am  not 
mistaken.  Have  they  anything  to  say  upon  the  subject?  Are 
they  satisfied  with  the  specification,  and  if  not,  what  changes  do 
they  desire? 

Mr.  Charles  R.  Wood.  Mr.  President,  I  have  been  asked  by 
some  of  the  manufacturers  to  speak  for  them  on  this  subject.  I 
will  say  that  while  we  had  some  conferences  with  the  committee 
we  never  had  any  particular  standing  as  a  body  in  any  way.  The 
manufacturers  with  whom  I  have  discussed  the  matter  seem  to 
think  that  if  the  Association  would  appoint  a  committee,  say,  of 
five  manufacturers  who  were  interested  in  the  manufacture  of 
hydrants  and  associate  members  of  the  Association,  to  meet  with 
Mr.  Lacount,  Mr.  Sullivan,  Mr.  Stacy,  and  Mr.  Mclnness,  we 
might  cut  down  the  small  differences  which  exist  in  the  specificar 
tions  as  they  are  presented  here  to-day.  These  suggested  specifica- 
tions—  I  notice  they  are  marked  "  Subject  to  revision  "  — differ 
greatly  from  the  last  set  that  were  published,  and,  of  course,  the 
manufacturers  have  not  had  a  chance  —  I  think  Mr.  Sullivan  will 
bear  me  out  in  this  —  to  take  up  with  the  committee  the  changes 
which  have  been  made.  The  manufacturers  would  like  very 
much  to  have  a  committee  appointed  from  the  associate  members 
who  are  interested  in  making  hydrants,  so  they  would  have  at 
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least  some  standing,  perhaps  with  the  iaddition  of  some  officer 
of  the  Association,  the  President  or  some  one,  to  make  a  little 
more  formal  matter  of  it,  to  take  this  matter  up  with  your 
conmiittee. 

On  the  question  of  submitting  hydrants  for  test,  a  number  of 
us  did  agree  to  submit  hydrants  for  test,  and  a  number  of  us  had 
them  ready  to  send,  with  the  idea  that  the  test  was  for  the  purpose 
of  showing  the  flow  of  water  for  the  various  sizes  of  valve  openings. 
When  we  asked,  however,  what  tests  were  going  to  be  made,  we 
were  told  that  they  would  do  whatever  they  wanted  with  the 
hydrants.  I  do  not  know  whether  that  report  came  from  the  full 
committee,  or  whether  it  was  a  report  to  us  individually,  or  whether 
every  manufacturer  was  told  the  same  thing;  but  we  were  told 
that  our  hydrants  would  be  tested  in  any  way  the  conunittee 
liked,  whereas  the  original  idea  the  manufacturers  had  was  that 
they  would  be  tested  for  the  flow  of  water  through  the  body  of 
the  hydrant. 

We  would  be  very  glad  to  have  representatives  of  the  manu- 
factiu*ers,  say  five,  the  same  number  as  the  present  conmtiittee 
of  the  Association,  or  whatever  number  you  may  think  proper, 
take  the  matter  up  in  detail,  because  there  are  but  a  very  few 
things  with  which  the  manufacturers  are  not  entirely  satisfied 
in  the  specifications  as  they  read  to-day. 

The  President.  Is  there  any  other  statement  to  be  made  by 
any  of  the  manufacturers? 

Mr.  Wood.  Mr.  Chairman,  I  was  asked  to  speak  for  most  of 
the  manufacturers  present.  It  did  not  seem  necessary  for  all 
of  us  to  talk  along  the  same  lines,  but  there  are  a  number  of 
manufacturers  here,  if  the  Association  wants  to  hear  from  them. 

The  President.  The  matter  seems  to  stand  in  this  way:  We 
have  a  specification  which  has  been  prepared  by  a  most  competent 
committee,  which,  I  take  it,  meets  for  the  most  part  the  approval 
of  the  manufacturers,  but  the  manufacturers  want  some  changes 
made  in  it.  I  have  no  idea  what  the  character  of  those  changes 
may  be,  but  it  seems  that  it  would  be  well,  perhaps,  to  defer 
action  until  a  conference  could  be  had  along  those  lines.  What 
do  you  say,  Mr.  Sullivan? 

Mr.  Sullivan.     Mr.  President,  in  regard  to  the*  re\'ision  of 
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these  specifications  from  the  previous  draft,  I  would  say  that 
most  of  the  revision  was  done  from  suggestions  made  by  the  manu- 
facturers. Now,  I  presimie  that  in  the  main  these  specifications 
are  satisfactory  to  all  parties;  and  I  would  offer  a  suggestion, 
although  I  have  made  a  motion  and  it  may  not  be  in  order  at  this 
time,  that  these  specifications  be  gone  over  rapidly  by  sections 
or  by  itemS;  so  that  we  may  find  out  what  items  do  not  accord 
with  the  ideas' and  practice  of  the  hydrant  manufacturers.  Of 
course  the  Association  has  the  authority  to  appoint  an  additional 
conunittee  to  meet  with  the  present  hydrant  conmiittee,  and  I 
do  not  think  any  member  of  the  hydrant  committee  will  object 
to  that.  It  seems  to  me,  however,  as  this  thing  has  been  hanging 
fire  for  several  years,  we  might  be  able  to  clear  it  up  more  quickly 
by  having  the  hydrant  manufacturers  who  are  here  express  their 
views  now.  I  earnestly  suggest  that  this  matter  be  taken  up, 
and  that  the  hydrant  manufacturers  point  out  what  items  or  what 
sections  in  the  specifications  they  object  to. 

Mr.  Wood.  Mr.  President,  we  have  had  these  specifications 
in  our  hands  only  four  or  five  days,  and  we  have  not  had  time 
yet  to  discuss  the  matter  thoroughly  among  ourselves.  We 
would  like,  rather  than  to  go  into  detail  as  to  requests  for  changes 
in  the  specifications  at  present,  to  have  a  chance  to  confer  among 
ourselves,  and  then  to  confer  with  the  committee.  There  may  be 
some  suggestions  which  it  will  not  be  necessary  for  us  to  make,, 
when  we  know  all  the  reasons  which  the  committee  have  for 
suggesting  certain  paragraphs  in  the  specifications. 

The  PREsroENT.  It  seems  to  the  Chair  that  there  is  no  occasion 
for  a  change  in  the  committee;  that  our  present  committee  can 
handle  this  matter  as  well  as  any  that  can  be  appointed;  and  it 
seems  to  the  Chair,  further,  that  the  manufacturers  are  well 
organized  and  well  represented,  and  that  they  can  present  the 
matters  that  they  have  in  mind  to  the  committee,  and  that  the 
committee  can  consider  them  and  report  back  to  the  Association 
at  a  very  early  date.  It  would  seem  to  the  Chair  that  this  would 
be  the  wisest  solution  of  the  problem.  There  is  a  motion  before 
you,  gentlemen,  to  the  effect  that  these  specifications  be  adopted. 
Is  there  any  further  discussion? 

Mr.  Frank  L.  Fuller.    Mr.  President,  I  would  like  to  ask  the 


PROCEEDINGS.  87 

committee  in  regard  to  a  point  which,  perhaps,  is  one  of  minor 
importance,  but  on  page  80,  in  speaking  of  the  operating  stem, 
it  says  it  shall  be  '*  finished  with  slight  taper."  Then,  further  on, 
it  says:  "  The  nut  socket  in  the  wrench  must  be  made  without 
taper  so  as  to  be  reversible."  I  think  the  fire  underwriters  pre- 
scribe that  the  operating  stem  shall  be  without  taper,  and  also 
that  the  nut  on  the  wrench  shall  be  without  taper.  It  seems  to 
me  that  if  there  is  a  taper  on  the  stem  there  should  be  one  in  the 
wrench,  and  I  would  like  to  ask  the  conmiittee  what  the  object 
is  in  having  the  wrench  without  taper  and  the  stem  with  taper. 

Mr.  George  A.  Stacy.  A  hydrant  wrench  is  liable  to  be  used 
either  side  up,  and  I  do  not  see  how  you  could  have  a  taper  in 
your  wrench  unless  you  had  it  marked  and  could  be  sure  that  the 
firemen  were  going  to  have  it  that  side  up  all  the  time.  The 
taper  on  the  nut  makes  it  a  little  easier  to  fit  the  wrench  on,  as 
a  man  rushes  to  a  hydrant  to  open  it,  in  the  excitement  of  a  fire. 
It  is  not  correct  mechanically,  perhaps,  but  it  is  practically.  If 
the  hydrant  nut  fitted  the  wrench  the  whole  way,  it  would  be 
difficult  to  get  the  wrench  on  under  the  conditions  that  exist  at  a 
fire.  Another  factor  which  enters  into  the  problem  is  the  small 
boy  with  a  stone  for  a  hammer.  If  the  wrench  fits  tight  all  the 
way  down  on  the  nut,  it  takes  but  a  few  minutes  for  a 
small  boy  to  fix  the  nut  so  that  you  cannot  get  the  wrench  on, 
without  some  trouble.  They  do  that  sometimes  in  the  best  com- 
munities. Now,  if  you  have  got  a  little  taper  on  the  nut,  and  you 
have  got  a  little  leeway  in  putting  your  wrench  on,  a  man  will 
fit  it  more  quickly,  and  you  will  get  sufficient  bearing  on  the  base, 
where  it  will  fit  closely,  so  that  you  will  have  sufficient  bearing  to 
operate  it  without  any  trouble. 

Mr.  M.  N.  Baker.  If  it  is  in  order,  Mr.  President,  I  would 
like  to  offer  a  substitute  for  the  motion  before  the  Association, 
to  this  effect:  That  the  associate  members  interested  in  the  manu- 
facture of  hydrants  be  requested  to  confer  with  this  committee 
on  the  subject,  and  that  the  committee  report  to  the  Association 
at  a  later  date. 

It  seems  to  me  that  will  perhaps  clear  the  ground.  I  offer  it 
merely  as  a  suggestion  to  aid  in  getting  the  matter  straightened 
out. 
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The  President.  Mr.  SuUivan^s  motion  is  for  the  immediate 
adoption  of  the  specifications  as  they  stand.  Mr.  Baker's  sub- 
stitute is  to  request  the  associate  members  to  confer  with  the 
committee,  and  to  request  the  committee  to  report  again  to  the 
Association. 

Mr.  Sullivan.  Mr.  President,  I  am  willing  to  withdraw  my 
motion  for  the  adoption  of  the  specifications.  I  made  the  motion 
so  as  to  get  the  specifications  discussed.  With  the  permission  of 
the  gentleman  who  seconded  my  motion,  and  if  there  is  unanimous 
consent,  I  withdraw  my  motion  for  adoption. 

We  have  with  us  to-day  Mr.  Teague,  who  is  an  assistant 
to  Mr.  Lacount,  our  chairman;  he  can  give  you  some  data  regard- 
ing the  hydrant  tests.  He  is  not  a  member  of  the  Association,  and 
I  respectfully  ask  that  the  privileges  of  the  floor  be  extended  to 
him  to  speak  regarding  the  hydrant  tests  while  the  members  are 
here,  so  they  can  better  know  what  the  committee's  ideas  were 
in  making  these  tests. 

The  PREsmENT.  Do  you  suggest  that  he  speak  to  us  before 
the  disposition  of  the  matter  which  is  now  pending,  Mr.  SuUivan? 

Mr.  Sullivan.    I  withdraw  my  motion. 

Mr.  Kimball.    I  will  withdraw  my  second. 

Mr.  Waldo  Smith.  I  thoroughly  agree,  Mr.  President,  that 
the  consideration  of  this  matter  should  be  postponed.  I  know 
that  there  are  a  great  many  engineers  and  water-works  superin- 
tendents here  to-day  who  feel  that  there  has  not  been  suflScient 
time  since  this  report  has  been  out  to  consider  it.  The  first  of 
the  year  is  a  very  busy  time,  and  a  great  many  of  us  have  not  had 
time  to  consider  this  report.  I  am  in  favor  of  Mr.  Baker's  motion, 
except  I  believe  it  would  be  wiser,  instead  of  leaving  it  to  the 
manufacturers  to  get  together  as  a  whole  with  this  committee, 
to  have  the  President  of  the  Association  appoint  a  committee  of 
the  manufacturers,  not  a  large  number,  whose  business  it  will  be 
to  leam  the  views  of  the  rest  of  the  manufacturers  and  confer  with 
the  committee.  That  is  the  only  diflference  of  opinion  I  have  \^dth 
Mr.  Baker;  but  it  seems  to  me  that  perhaps  the  matter  can  be 
handled  better  in  that  way  than  bj'  leaving  it  to  all  the  manu- 
facturers. 

The  President.    What  do  you  say  on  that  point,  Mr.  Wood? 
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Mr.  Wood.  That  was  the  original  suggestion  that  we  made, 
that  the  President  of  the  Association  appoint  a  committee  of 
five,  because  there  were  five  on  the  other  conmiittee,  and  that 
would  seem  to  be  a  sufficient  niunber  to  make  up  the  committee. 
That  would  be  very  satisfactory  to  the  manufacturers.  The 
number  of  the  committee  might  be  left  to  the  discretion  of  the 
President. 

The  President.  Of  course  under  this  arrangement  those  men 
would  not  be  members  of  the  committee.  It  would  be  their  duty 
to  present  the  manufacturers*  side  of  the  case  to  the  conmiittee. 

Mr.  Wood.    Certainly. 

Mr.  Baker.  I  am  perfectly  agreeable  to  that,  Mr.  President, 
if  that  is  the  idea  of  the  Association.  It  does  not  make  any  dif- 
ference whatever  to  me  how  it  is  got  at,  as  long  as  the  end  is 
achieved. 

Mr.  Stacy.  Mr.  President,  I  think  I  can  say  there  is  no  ob- 
jection on  the  part  of  the  committee  to  this  conference.  From 
start  to  finish  we  have  only  been  anxious  to  get  the  best  there  was 
to  get,  and  we  have  felt  that  we  needed  all  the  knowledge  that 
there  was  in  the  business.  We  certainly  concede  to  the  manufac- 
turers that  they  know  something  about  hydrants,  and  the  con- 
ference we  had  was  a  valuable  one,  although  we  were  considerably 
apart  on  some  things.  While  this  matter  has  been  dragged  along, 
I  think  it  is  the  desire  of  the  committee  that  when  the  work  is 
completed  it  should  stand  on  soUd  ground,  and  that,  as  far  as  it  is 
possible  for  human  minds  to  agree,  we  should  all  agree  that  these 
specifications  are  the  best  for  all  parties  that  can  be  drawn  up  with 
our  present  knowledge. 

The  PREsmENT.    I  take  it  that  the  manufacturers  wU  be  pre-  ^ 
pared  to  act  promptly  on  this,  Mr.  Wood? 

Mr.  Wood.    At  the  call  of  the  chairman  of  the  committee. 

Mr.  M.  S.  Kahurl.  Mr.  President,  I  would  like  to  ask  a 
question.  We  are  manufacturing  hydrants,  and  how  will  those 
of  us  stand  who  are  not  appointed  on  the  committee?  Will  we 
be  entitled  to  the  information  that  is  to  be  given  to  and  from  the 
conmiittee? 

Mr.  Wood.  As  far  as  the  manufacturers  are  concerned,  we 
shall  be  only  too  glad  to  get  suggestions  from  any  manufacturer 
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of  any  hydrant,  and  all  the  information  that  we  would  have  would 
be  given  out,  and  presumably  all  the  information  which  the  com- 
mittee received  would  be  given  out  to  any  manufacturer  who 
wanted  to  know  about  it. 

The  President.  It  is  the  feeling  of  the  Chair  that  the  best 
results  would  be  obtained  by  allowing  every  manufacturer  to  go 
to  the  committee  with  all  the  ^*  kicks  "  he  has  to  make,  and 
allowing  every  member  of  the  Association  to  go  with  his. 

Mr.  Baker.  That  was  my  idea  in  suggesting,  as  I  did,  that  the 
associate  members  who  were  interested  in  the  subject  be  asked 
to  confer  with  the  committee,  so  that  they  could  all  have  a  chance. 
If  they  want  to  organize  a  subcommittee  to  take  up  the  active 
work,  that  is  within  their  power. 

The  President.  The  question,  I  believe,  is  on  Mr.  Baker's 
motion. 

Mr.  M.  F.  Collins.  Before  that  motion  is  put,  Mr.  President, 
Mr.  Sullivan  has  suggested  that  there  is  a  gentleman  here  who 
Wants  to  give  some  statistics  on  hydrant  tests.  It  will  only  take 
a  few  minutes,  and  I  hope  the  gentleman  will  have  a  chance  to  tell 
the  Association  what  he  has  to  say  with  regard  to  that  matter. 

The  PREsmENT.  I  was  planning  to  give  him  the  floor,  Mr. 
Collins,  directly  after  putting  this  motion. 

(Mr.  Baker's  motion  that  the  associate  members  interested  in 
the  manufacture  of  hydrants  be  requested  to  confer  with  the  com- 
mittee, and  that  the  committee  report  to  the  Association  at  a 
later  date,  was  adopted.) 

W.  0.  Teague,  Esq.  Mr.  President,  I  think  what  I  have  to- 
say  will  not  be  so  much  to  the  point  now  as  it  would  have  been 
previous  to  the  adoption  of  the  motion  which  has  just  been  put. 

I  wanted  to  say  a  word  about  the  purpose  of  the  tests  which  were 
made.  The  first  draft  of  the  specifications  that  was  gotten  up^ 
met  the  approval  generally  of  the  manufacturers,  except  as  re- 
gards the  size  of  the  valve  opening  in  the  hydrant.  The  committee, 
as  you  remember,  specified  a  5-in.  opening,  —  in  other  words,  an 
area  corresponding  to  a  5-in.  diameter  circle,  —  for  a  two-way 
hydrant.    The  question  was  raised  as  to  whether  this  was  neces- 
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sary  or  not.  In  order  to  settle  that,  it  was  necessary  to  make 
tests.  We  endeavored  to  get  hydrants  for  this  purpose  from  the 
manufacturers,  but  were  unable  to  do  so.  We  then,  as  was  stated 
by  Mr.  Lacount,  got  some  representative  hydrants,  and  made  tests 
on  them,  with  the  result  that  we  showed  conclusively  that  for  a 
two-outlet  hydrant  a  5-in.  valve  opening  is  advisable.  It  seemed 
to  us  that  that  settled  the  main  objection  which  the  manufacturers 
had  to  the  specifications  as  written  at  that  time. 

In  addition  to  the  tests,  we  made  slight  revisions  in  the  draft 
of  the  specifications,  to  cover  as  far  as  possible  the  points  —  or 
objections  you  might  call  them  —  raised  by  the  various  manu- 
facturers, so  as  to  cover  their  particular  design  of  hydrant  without 
necessitating  changes.  Of  course  that  could  not  be  carried  to  an 
extreme  and  have  the  specifications  suit  all  the  hydrants  that  are 
made  to-day.  The  best  that  could  be  done  was  to  have  pretty 
general  specifications,  representing  the  best  conservative  practice 
of  the  day  in  hydrant  construction.  For  that  reason  it  seems  to  me 
that  the  specifications  as  now  before  you  are  in  final  form,  and  that 
there  are  no  vital  points  which  need  further  consideration. 

As  I  understand  it,  the  purpose  of  the  hydrant  committee  was, 
first,  to  recommend  a  basis  for  the  designation  of  the  sizes  of 
hydrants.  This  has  been  done.  In  addition,  it  was  the  purpose 
of  the  committee  to  prepare  a  standard  for  good  design,  good 
construction,  good  workmanship,  durability  of  parts  and  service- 
ability of  the  hydrants.  We  feel  that  the  specifications  as  now 
written  cover  all  these  points,  and  it  does  not  seem  that  further 
discussion  of  the  matter  with  the  hydrant  manufacturers  is  going 
to  lead  anywhere.  It  simply  means  a  delay.  This  work  has  been 
carried  on  in  conjimction  with  the  work  which  the  Factory  Mutual 
fire  Insurance  Companies  are  doing  along  a  similar  hne  in  con- 
nection with  mill  yard  fire  hydrants,  and  in  view  of  that  the 
conmiittee  has  had  the  benefit  of  all  the  knowledge  and  data  which 
the  Mutual  Companies  have  on  the  subject. 

The  thought  in  outlining  these  specifications  was  to  have  the 
hydrant  in  the  street  the  same,  or  as  nearly  as  possible  the  same, 
as  that  in  the  mill  yard.  We  found  finally  that  the  only  real  dif- 
ference that  was  necessary  was  in  regard  to  the  independent  gate. 
The  hydrant  in  the  street  should,  of  course,  have  inside  gates, 
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since  the  outside  hose  gates  form  an  obstruction  and  are  apt  to  be 
broken  off,  whereas  for  mill  yard  use  the  outside  gates  are  pref- 
erable. That  feature  is  covered  in  the  specifications  as  presented 
here. 

In  connection  with  the  tests  which  were  made  for  friction  loss 
in  hydrants  we  had  intended  to  include  in  the  specification  a 
reference  to  the  results;  and  in  order  that  this  may  be  made  a 
matter  of  record  I  would  like  to  read  an  abstract  from  Mr. 
Lacount's  letter  to  the  members  of  the  committee,  or,  rather, 
the  committees  of  the  several  associations,  —  that  is,  the  New 
England  Water  Works  Association,  the  American  Water  Works 
Association,  and  the  National  Fire  Protection  Association. 

"  It  is  proposed  that  the  following  be  inserted  in  Article  2  on 
page  78:  *b.  With  the  hydrant  discharging  250  gallons  per  minute 
through  each  2J-in.  hose  outlet,  the  total  friction  loss  of  the 
hydrant  shall  not  exceed  two  pounds  for  two-way,  three  pounds 
for  three-way,  and  four  pounds  for  four-way  hydrants.'  " 

This  will  of  course  advance  the  lettering  of  articles  b  and  c 
to  c  and  d  respectively.  As  regards  the  maximum  allowable 
friction  losses  specified  in  this  item,  we  wish  to  say  that  these  are 
considered  very  liberal,  in  view  of  the  results  that  were  obtained 
in  the  tests;  that  is,  that  with  very  little  change  in  the  average 
hydrant  as  made  to  day,  such  as  rounding  outlets  and  having 
good  surfaces,  the  average  hydrant  could  come  well  within  this 
requirement.  We  did  not  think  it  advisable  to  endeavor  to  cut 
this  allowable  loss  down  too  fine  because  we  did  not  know  where 
to  stop.  It  is  possible  that  later  on  these  figures  can  be  revised 
to  some  extent,  but  for  the  present,  in  order  to  get  some  working 
arrangement,  it  is  proposed  that  friction  losses  as  specified  be 
allowed. 

I  have  nothing  further  to  say  on  the  matter  except  that  Mr. 
Lacount  and  myself  are  very  confident  that  the  work  has  been 
carried  to  such  a  point  that  no  material  improvement  of  the 
specifications  can  be  expected  from  a  further  discussion  or  con- 
sideration of  the  details  with  the  manufacturers,  and  for  this  reason 
we  hoped  that  the  specifications  would  be  adopted  as  presented. 
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Mr.  Leonard  Metcalf.  Mr.  President,  might  I  through  you 
make  one  suggestion  to  the  committee  in  regard  to  these  specifica- 
tions, which  is  suggested  by  a  casual  reading  of  them,  and  that 
is  that  they  should  be  self-contained,  so  you  will  not  have  to  refer 
to  any  other  document  to  have  your  full  specification.  I  notice 
that  in  paragraph  3  the  second  sentence  reads:  "The  strength 
of  the  cast  iron  must  be  that  required  by  the  specifications  for 
standard  cast-iron  pipe  12  in.  and  less  in  diameter."  Wouldn't 
it  be  desurable  to  have  this  requirement  embodied  in  these  specifica- 
tions, so  that  in  reading  the  specifications  you  have  the  entire 
thing  before  you? 

Mr.  Sullivan.  Mr.  President,  I  remember  that  point  was  dis- 
cussed at  one  of  our  meetings,  and  it  was  thought  that  embodying 
the  New  England  Water  Works  Specifications  for  Standard  Cast- 
iron  Pipe  would  make  these  specifications  rather  long;  but  I 
think  the  suggestion  of  Mr.  Metcalf  is  good,  and  I  do  not  know 
but  it  is  the  best  thing  to  do. 

Mr.  Charles  E.  Chandler.  Mr.  President,  may  I  make  one 
suggestion,  at  the  request  of  the  chief  of  the  Fire  Department 
of  Norwich,  Conn.?  Under  "  Hose  Caps,"  paragraph  c,  it  reads: 
"  A  leather  washer  must  be  provided  in  the  hose  cap,  set  in  a 
groove  to  prevent  its  falling  out  when  the  cap  is  removed."  Our 
chief,  Mr.  Stanton,  is  of  the  opinion,  and  I  beg  the  privilege  of 
suggesting  here,  simply  for  the  consideration  of  the  committee 
in  their  further  work,  that  a  babbitt-metal  washer  that  will  not 
dry  up  and  fall  out,  as  leather  washers  do,  might  be  an  improve- 
ment over  the  leather  washer.  He  has  had  a  sketch  made  accord- 
ing to  this  idea,  which  I  would  be  glad  to  have  any  of  the  members, 
and  especially  the  manufacturers,  look  at,  and  if  they  should  find 
any  great  diflSculties  in  relation  to  the  matter,  of  course  they  would 
not  need  to  consider  it  further.  But  if  it  should  prove,  as  Mr. 
Stanton  thinks,  that  the  babbitt-metal  washer  would  be  more 
effective  and  no  more  expensive,  the  object  of  this  suggestion 
would  be  accomplished. 

Mr.  Sullivan.  Mr.  President,  that  matter  was  taken  up 
while  we  were  having  a  conference  with  the  hydrant  manufacturers. 
I  know  it  was  discussed  pro  and  con  very  thoroughly.  '  The 
object  of  the  leather  washer  was  that  when  there  were  several 
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outlets  to  a  hydrant,  and  only  one  line  of  hose  attached,  and  no 
independent  gate-valves,  the  water  would  be  kept  from  spurting 
from  the  unused  outlets  and  wetting  the  hydrant  man  who  was 
operating  the  hydrant.  But  that  is  only  a  small  detail,  and  I 
know  the  committee  will  be  willing  to  consider  it,  although  the 
leather  washer  was  the  outcome  of  the  joint  conference  between 
the  committee  and  the  manufacturers. 

Mr.  a.  E.  Martin.  With  regard  to  the  leather-washer  business, 
a  year  ago  in  Springfield  we  changed  all  our  hydrant  screw  threads 
so  that  there  should  be  no  washers  at  all.  We  now  use  them  plain 
without  a  washer,  and  we  have  no  trouble  in  keeping  the  water 
from  running  out  of  the  nozzles.  They  never  leak  at  all;  they 
are  made  very  tight  and  metal  faced. 

Mr.  Chandler.  May  I  ask  if  there  is  any  corrosion  of  the  metal 
and  sticking  of  the  cap  at  times? 

Mr.  Martin.  We  never  have  had  a  particle  of  trouble  so  far. 
Of  course  we  have  only  been  using  them  a  year,  but  before  I  went 
to  Springfield  I  used  hydrants  in  the  same  way  for  eighteen  years, 
and  I  never  had  any  trouble  with  them. 

The  President.  This  is  a  most  interesting  and  profitable 
discussion,  and  it  is  to  be  hoped  that  it  may  be  continued  when  the 
specifications  are  reported  back,  and  when  certainly  it  is  to  be 
hoped  they  may  be  finally  adopted  and  the  business  thus  be 
standardized,  as  other  branches  of  our  work  have  been 
standardized. 


PREsmENT's  Address. 

Gentlemen  of  the  New  England  Water  Works  Association: 

The  past  year  has  been,  in  most  respects,  one  of  quiet  work 
and  with  no  unusual  events.  In  membership,  there  has  been  but 
a  slight  gain,  the  new  members  elected  only  slightly  exceeding 
in  number  those  lost  through  various  causes.  Financially,  the 
Association  has  held  its  own,  and  the  treasury  is  believed  to  be 
in  satisfactory  condition.  These  matters  are  set  forth  in  the 
reports  of  the  Secretary,  Treasurer,  and  Editor,  —  which  you  have 
ust  heard,  —  and  do  not  need  to  be  now  repeated. 
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The  deaths  of  ten  of  our  members  have  been  reported  since 
the  last  annual  meeting,  namely: 

Elected  to 
Membership. 

John  T.  Fanning,  Civil  Engineer,  Minneapolis,  1885 

Amos  A.  Gouldf  Water  Commissioner,  Leicester,  Mass.,  1896 

O.  A.  Hague,  Civil  Engineer,  New  York  Qty,  1904 

L.  E.  Hawes,  Civil  Engineer,  Boston,  Mass.,  1888 

L.  P.  Kinnicutt,  Chemist,  Worcester,  Mass.,  1893 

A.  R.  MoCallum,  Superintendent  Water  Works,  Whitman,  Mass.,  1906 

C.  W.  Paine,  Civil  Engineer,  Highland,  Cal.,  1888 

W.  H.  Sears,  Civil  Engineer,  Plymouth,  Mass.,  1899 

Wm.  H.  Thomas,  Superintendent  Water  Works,  Hingham,  Mass.,  1887 

W.  P.  Whittemore,  Chief  Engineer  Water    Department,  Attleboro, 

Mass.,  1886 

From  a  physical  standpoint,  the  year  has  been  an  interesting 
one,  as  the  third  in  a  cycle  of  dry  years.  The  first  part  of  the 
year  was  particularly  dry,  and,  following  two  dry  years,  the 
deficiency  in  rainfall  brought  about  conditions  that  were  serious 
in  many  water-supply  systems,  especially  w^here  the  catchment 
areas  were  small  for  the  reservoir  capacities. 

This  dry  period,  which  now  fortunately  seems  to  have  passed, 
has  been  one  of  the  most  notable  that  has  occurred  in  New  England 
since  accurate  records  have  been  available. 

One  of  the  most  important  events  of  the  year  was  appointing 
a  committee  by  the  Association  to  collect  data  as  to  this  and 
other  dry  periods,  and  to  study  the  whole  subject.  This  committee 
is  not  yet  ready  to  report,  but  it  is  believed  that  information  will 
be  obtained  which  will  serve  for  many  years  as  a  basis  for  estimat- 
ing the  capacity  of  water  supplies  in  New  England. 

It  is  nearly  thirty  years  since  there  has  been  a  record-making 
drought,  and  in  this  interval  the  records  of  the  Sudbury  River 
and  a  few  other  streams  in.  the  years  following  1880  have  been 
used  as  a  basis  for  nearly  all  such  calculations. 

There  is  some  reason  for  believing  that  earlier  in  the  nineteenth 
century  there  was  a  drier  period  than  that  of  the  eighties,  but 
records  are  inadequate. 

When  this  report  is  available,  it  may  be  appropriate  for  the 
Association  to  discuss  the  question  as  to  how  far  a  practical  rating 
of  water  sources  should  be  based  upon  the  records  of  the  driest 
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year  on  record.  Dry  years  may  be  classified  according  to  the 
frequency  with  which  they  recur.  There  is  a  degree  of  dryness 
that  is  reached  on  an  average  once  in  ten  years,  and  another 
reached  on  an  average  once  in  thirty  years,  the  latter  represented 
approximately  by  the  dry  period  of  the  early  eighties,  and  again 
by  the  dry  period  of  the  last  few  years.  Presumably,  there  will 
be  still  drier  years,  which  may  be  referred  to  in  a  general  way  as 
occurring  not  oftener  than  once  in  a  century. 

On  the  other  hand,  a  water-supply  system  is  seldom  drawn  to 
its  ultimate  capacity,  and  in  fact  can  be  but  seldom  so  drawn  with 
safety,  because  the  consumption  is  always  fluctuating,  and  enough 
water  must  be  on  hand  to  cover  fluctuations  and  reasonable 
increases  in  rate,  and  in  order  to  do  this  there  is  ordinarily  some 
surplus  capacity. 

It  may  be  questioned  if  it  is  justifiable  as  a  practical  business 
proposition  to  rate  supplies  on  the  droughts  that  only  occur  once 
in  a  century,  or  even  on  those  which  occur  only  once  in  thirty 
years,  and  whether  it  would  not  be  better  to  take  some  less  extreme 
basis,  which  basis  could  be  established  by  proper  records,  and  the 
limitations  of  which  should  be  frankly  recognized  by  writing 
them  into  all  descriptions,  and  into  the  headings  of  tables. 

For  a  city  to  be  out  of  water  is  serious  business.  To  be  a  little 
short  one  year  in  thirty  may  not  be  an  intolerable  condition,  and 
it  may  be  better  business  to  have  this  happen  than  to  build  a 
whole  water-works  system  so  large  that  its  capacity  may  only  be 
needed  once  in  thirty  years. 

Let  us  say,  for  example,  that  we  will  take  some  shorter  period 
as  a  basis,  such  as  ten  years,  and  calculate  the  amount  of  water 
which  can  be  certainly  supplied  nine  years  out  of  ten,  and  on 
an  average  in  the  tenth  year,  and  take  our  chance  on  being  a  little 
short  once  in  twenty  or  thirty  years,  if  it  so  happens  that  the  full 
rated  capacity  would  be  then  used  if  it  were  available. 

Following  out  this  idea  and  developing  it  somewhat,  it  might 
be  stated  that  a  certain  water  supply  was  good  for  so  many  gallons 
per  day  four  years  out  of  five,  for  so  many  nine  years  out  of  ten, 
and  for  so  many  twenty-nine  years  out  of  thirty.  Each  figure 
for  capacity  in  this  series  would  be  somewhat  smaller  than  the 
preceding  one,  and  the  ratios  between  them  could  be  fixed  with 
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a  fair  degree  of  accuracy.  We  should  then  have  a  better  idea  of 
what  chances  we  were  taking,  and  what  rating  it  was  wisest  to 
adopt. 

It  is  the  custom  for  the  President  to  speak  to  you  at  the  annual 
meeting  upon  some  serious  matter.  Last  year,  our  President 
gave  us  a  most  interesting  survey  of  the  whole  field  of  water-works 
business  throughout  the  civilized  world.  To-day,  I  choose  a 
narrower  subject,  namely,  the  management  of  water  works.  I 
shall  refer  particularly  to  water  works  under  municipal  ownership, 
and  I  wish  to  consider  the  matter  along  somewhat  broad  lines. 

The  ownership  and  operation  of  water  works  by  cities  is  a  kind 
of  municipal  trading.  That  is  to  say,  it  has  nothing  to  do  with 
government,  but  is,  on  the  other  hand,  engaging  in  private  business 
by  a  public  body,  which  business  might  otherwise  be  performed 
by  private  parties. 

A  public  enterprise  of  this  kind  is  always  something  of  an 
experiment.  There  are  cases  where  notable  success  has  been 
achieved.  We  all  agree  that  our  Post-Office  Department  is,  on 
the  whole,  well  managed  and  gives  better  service  than  could  be 
anticipated  from  private  ownership.  In  European  countries, 
the  telegraph  is  managed  by  Government,  and  the  service  is 
generally  cheaper  than  it  is  with  us;  but  on  the  other  haQd,  there 
are  rumors  of  deficits  in  the  Government  telegraph  accounts,  and, 
so  far  as  they  occur,  the  taxpayers  are  making  up  for  the  lower 
charges  on  the  messages.  It  is  claimed  that  the  privately  owned 
telephone  system  in  America  is  more  efficient  than  any  pubUcly 
owned  system  in  the  world. 

We  have  not  yet  taken  up  government  ownership  of  railroads 
(except  in  the  unusual  case  of  the  Panama  Railroad),  but  much 
has  been  done  in  this  direction  in  Germany  and  other  European 
countries,  and  in  other  parts  of  the  world,  including  Canada  and 
Mexico.  Some  excellent  results  have  been  achieved,  but  I  think 
that  most  of  us  hold  to  the  belief  that  company  management  of 
railroads  is  more  appropriate  and,  on  the  whole,  more  efficient 
than  government  ownership. 

In  Europe,  gas  works  and  electric-light  plants  are  frequently 
owned  by  municipalities,  and  in  a  few  cases  American  cities  have 
taken  up  these  lines  of  trading. 
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In  the  begmnings  of  the  water-works  business  in  America, 
private  comp^es  pTayed  a  lan^e  part.  a.d  many  important  work^ 
are  still  owned  by  companies;  but  as  time  has  gone  on,  more  and 
more  undertakings  have  passed  into  public  ownership,  until  a 
great  majority  of  water-works  plants  are  now  owned  by  municipali- 
ties. In  general,  the  management  of  publicly  owned  water  works 
has  been  good,  and  has  produced  results  satisfactory  to  the  water 
takers,  and  not  burdensome  to  the  taxpayers.  No  doubt  mistakes 
are  made  in  municipally  owned  works,  and  some  of  these  would  be 
avoided  by  company  management,  but  I  doubt  if  the  losses  growing 
out  of  them  would  exceed  those  to  be  reasonably  expected  with 
private  ownership  of  corresponding  works. 

Taking  it  right  through,  the  public  ownership  of  water  works 
has  been  the  most  successful  line  of  municipal  trading  thus  far 
undertaken  by  American  cities. 

One  fundamental  reason  for  this  is  that  the  water-works 
business  is  naturally  profitable.  The  income  is  easily  and  certainly 
collected,  and  is  regular  from  year  to  year.  Water  can  generally 
be  secured  and  furnished  at  so  small  a  cost  that  rates  may  be  at 
once  remunerative  to  the  system  and  not  burdensome  to  the 
takers.  It  has  thus  been  possible  in  American  cities  to  collect  all 
necessary  money  to  conduct  the  business,  and  it  has  rarely  been 
necessary  to  burden  the  taxpayers  in  supporting  these  undertak- 
ings. These  conditions  have  made  it  easy  to  operate  plants  without 
incurring  deficits  and  with  general  satisfaction  to  the  citizens, 
and  have  perhaps  lead  to  easy-going  ways  in  some  matters,  where 
better  business  methods  might  have  been  adopted. 

I  propose  to  talk  to  you  to-day  about  this  general  subject,  and 
see  if  we  cannot  do  something  toward  getting  better  methods 
adopted  by  the  works  with  which  we  have  to  do.  I  know  that  some 
of  you  have  already  done  a  great  deal  in  this  direction,  and  methods 
of  management  have  been  introduced  which  are  admirable,  as 
relating  to  particular  parts  of  some  systems. 

There  was  presented  to  us  two  years  ago*  an  excellent  paper 
on  depreciation  as  applied  to  the  water-works  business.  Dis- 
cussion brought  out  the  fact  that  must  have  been  kno^Ti  to  nearly 
all  of  us,  that  systematic  calculation  and  allowance  of  deprecia- 

*JouRNAL  N.  E.  W.  W.  A.,  Vol.  24.  p.  30."). 
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tion  charges  is  rarely  carried  out  in  publicly  owned  works.  It  may 
be  said,  also,  that  privately  owned  water  works  have,  as  a  rule, 
neglected  to  make  systematic  depreciation  charges  until  during 
the  last  years,  when  the  regulation  of  such  corporations  and  de- 
cisions of  the  courts  as  to  reasonableness  of  rates,  have  made  them 
imperatively  necessary.  It  is  now  recognized  that  in  the  financial 
management  of  a  privately  owned  water  plant,  the  annual  de- 
preciation must  be  carefully  calculated  and  allowed  each  year, 
and  there  seems  to  be  no  reason  why  corresponding  calculation 
and  allowance  should  not  be  made  for  a  plant  that  is  owned  by  a 
municipality. 

The  reform  in  regard  to  depreciation  charges  is  a  most  important 
one,  but  it  is  only  one  of  a  whole  series  that  might  be  made  with 
advantage. 

Take  the  case  of  profits,  or  the  return  upon  the  invested  capital, 
or,  in  the  case  of  an  old  plant,  on  the  fair  value  of  the  property. 
I  think  it  is  often  true  that  the  water-works  management  is  satis- 
fied if  a  balance  is  left  in  the  hands  of  the  treasurer  at  the  end  of 
the  year,  after  operating  expenses  and  the  interest  on  the  bonded 
debt  have  been  paid,  and  perhaps  some  money  put  into  extensions. 
But  is  this  the  whole  question?  Why  should  not  a  plant  earn  a 
fair  return  on  its  value,  regardless  of  the  amount  of  its  indebtedness? 

There  are  cases  where  the  bonds  originally  issued  to  pay  for 
water-works  construction  have  been  paid  off,  where  additional 
construction  has  been  paid  for  from  earnings,  •and  where  the 
department  is  free  from  debt.  There  are  other  cases,  fortunately 
less  common,  where  bonds  have  not  been  paid  off,  where  the  works 
are  depreciated,  and  where  the  plant  is  not  worth  the  amount 
of  the  bonded  indebtedness.  Most  plants  lie .  between  these 
extremes. 

Let  us  consider  for  a  moment  the  case  of  the  plant  that  is  out 
of  debt.  It  is  possible  to  operate  the  plant  so  as  to  pay  its  way, 
and  to  make  water  rates  so  low  that  they  will  cover  only  operat- 
ing expenses  and  such  other  general  expenses  as  have  to  be  met, 
and  water  may  be  supplied  at  much  less  than  cost. 

Some  people  believe,  no  doubt,  that  this  is  the  best  way  to 
manage  the  business,  and  that  when  works  have  once  been  paid 
for,  the  public  may  properly  be  given  the  benefit  of  this  condition, 
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and  supplied  with  water  at  whatever  rates  less  than  cost  prove 
to  be  feasible. 

I  am  disposed  to  take  another  view  of  the  matter  and  to  hold 
that  no  water-works  system  can  be  called  really  self-supporting 
that  does  not  earn  a  reasonable  return  upon  the  whole  value  of  the 
plant,  regardless  of  its  bonded  indebtedness.  Certainly,  the  rates 
that  will  suffice  to  make  such  return  are  as  low  as  rates  could  be 
made  if  the  business  were  now  being  taken  up  for  the  first  time, 
and  in  case  the  rate  of  return  or  percentage  on  the  capital  is  as 
low  as  is  consistent  with  good  municipal  management,  the  rates 
reached  under  this  condition  may  be  taken  as  representing  the 
real  cost  of  the  service. 

If  a  city  has,  by  good  management,  or  in  any  way,  acquired 
a  property  which  is  valuable,  and  is  capable,  at  fair  rates,  of 
producing  a  net  revenue  representing  a  fair  rate  of  return  on  its 
value,  is  it  not  the  duty  of  the  municipality  to  manage  it  as  any 
other  owner  of  a  trading  enterprise  would  do,  to  secure  the  fair 
return  that  naturally  grows  out  of  the  business,  and  use  that 
return  for  the  benefit  of  the  citizens  in  any  way  that  is  proper? 
This  view  largely  prevails  in  American  cities,  although  it  is  not 
frankly  recognized.  There  are  many  cases  where  the  water 
revenue  is  turned  into  the  general  funds  and  serves  to  diminish 
the  amount  of  money  raised  by  taxation.  There  are  cases  where 
bridges  and  other  municipal  structures  having  no  relation  what- 
ever to  water  w^rks  have  been  built  with  water-works  money. 

What  I  suggest  to  you  to-day  is,  that  this  matter  of  accounting, 
which  in  the  past  has  been  of  a  most  haphazard  character,  should 
be  reduced  to  a  definite  basis,  and  standardized  in  accordance 
with  sound  business  principles,  but  without  defining  too  closely 
the  rates  of  return  that  are  to  be  earned^  which  I  think  should 
properly  be  left  to  the  good  business  judgment  of  those  having 
to  do  with  the  matter  from  time  to  time. 

Then  there  is  the  question  of  taxation  and  free  water.  Why 
should  public  trading  be  done  on  different  principles  from  private 
trading?  Why  should  a  water  works  be  exempt  from  taxation, 
and  why  should  the  water  works  furnish  free  water  for  hydrants, 
schoolhouses,  churches,  and  all  other  public  and  quasi-public 
institutions?     Probably  the  underlying  idea  in  many  cities  has 
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been  that  the  taxes  that  would  otherwise  be  paid  might  be  taken 
as  an  offset  for  Jhe  free  water  furnished  to  the  city,  and  that  the 
two  things  would  balance  each  other,  and  that  it  would  save 
bookkeeping  to  let  matters  go  without  calculation. 

But  this  certainly  is  not  a  good  business  basis.  Why  should 
not  the  water-works  plant  be  assessed  taxes  on  its  reasonable 
value,  and  why  should  not  collection  be  made  for  all  the  water 
and  services  that  are  rendered? 

The  Interstate  Commerce  Commission  has  done  away  with 
dead-head  transportation  upon  railroads.  This  action  was  a 
wise. one,  for  the  pass  system  had  been  atrociously  abused.  It 
meant  a  drain  upon  the  railroads  that  could  only  mean  higher  fares 
for  those  who  paid.  But  were  the  passes  upon  the  railroads  more 
abused  than  the  free-water  arrangement  is  abused  in  the  case  of 
municipally  owned  water  works?  If  passes  are  abolished  on  the 
railroads,  why  should  not  dead-heads  be  abolished  in  the  water 
business?  Certainly,  because  a  taker  is  another  department  of 
the  city  government,  it  is  not  sufficient  reason  why  it  should  be 
supplied  with  free  water. 

On  the  railroads  in  the  old  days,  it  was,  no  doubt,  true  that 
those  who  had  passes  caused  more  trouble  and  expense  than 
other  travelers.  So,  I  think,  in  your  water  departments,  you  will 
find  that  the  dead-head  takers  are,  in  general,  those  who  waste 
the  most  water,  and  that  it  costs  the  most  to  take  care  of.  That 
which  costs  nothing  is  treated  with  but  little  respect.  The  school- 
houses  that  are  furnished  with  free  water  will  use  gang  closets 
or  self-flushing  closets  to  save  a  little  money  in  plimibing,  and 
the  water  will  go  pouring  through  them  day  and  night,  because 
the  janitor  has  not  sufficient  interest  to  shut  them  oflf  at  night 
because  it  costs  nothing. 

Our  water-works  statistics  relating  to  physical  matters  have 
been  well  standardized.  Would  it  not  be  worth  while  to  extend 
our  form  to  include  information  as  to  the  value  of  properties, 
the  amount  of  depreciation  allowed,  taxes  paid  and  free  water 
furnished,  the  net  earnings,  and  the  per  cent,  which  these  are  of 
the  values?  To  find  out  the  facts  is  the  first  step.  The  laws  and 
ordinances  that  will  provide  for  bettering  the  conditions  may  be 
logically  expected  to  follow. 
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One  reform  that  might  naturally  grow  out  of  consideration 
of  the  business  along  these  lines  would  be  better  and  more  uniform 
schedules  of  water  rates.  I  do  not  believe  that  there  is  any  other 
line  of  business  that  has  such  great  and  unreasonable  variety  in 
its  schedule  of  charges  as  will  be  found  in  water  works. 

We  have  had  committees  on  water  rates,  and  a  great  deal  has 
been  done  to  straighten  up  and  eliminate  these  eccentricities, 
but  much  remains  to  be  done.  The  business  cannot  be  considered 
to  be  in  satisfactory  shape  in  any  given  case  until  a  serious  effort 
has  been  made  to  find  out  what  revenue  is  really  required  and  to 
prepare  a  schedule  of  rates  that  will  distribute  that  amount  as 
fairly  as  it  can  be  distributed,  among  all  the  different  takers, 
keeping  in  mind  reasonable  limits  of  simplicity. 

There  are  several  different  ways  of  approaching  this  subject 
that  have  merit.  Following  different  ones  in  different  cases 
results  in  rates  that  are  not  easily  compared  with  each  other. 
I  suggest  that  it  ought  to  be  possible  at  this  time  to  agree  upon 
a  general  form  of  water  rates  that  could  be  used  in  all  cases,  but 
with  figiu'es  omitted,  with  the  idea  that  they  would  be  fixed  in 
individual  cases,  to  meet  the  requirements  of  the  revenue  to  be 
produced,  and  the  relative  abundance  or  scarcity  of  water.  Where 
water  is  relatively  abundant,  a  larger  part  of  the  amount  to  be 
raised  will  naturally  be  placed  upon  the  fixtures,  and  upon  the 
privilege  of  having  connection  and  having  water  available.  Where 
water  is  relatively  scarce,  the  amount  to  be  raised  will  be  pro- 
portioned in  greater  measure,  or  even  altogether  upon  the  quantity 
of  water  taken  by  the  various  consumers. 

Such  a  uniform  schedule  might  be  similar  in  its  general  form  to 
the  schedules  with  which  we  are  all  familiar.  Under  fixture  rates, 
there  would  be  specified  all  the  fixtures  that  would  be  charged 
for,  and  the  method  of  rating  them  would  be  defined  once  for  all, 
but  leaving  the  amount  of  charge  to  be  made  for  each  item  to  be 
determined  according  to  the  requirements  of  particular  cases. 
Under  meter  rates,  the  point  would  be  settled  whether  the  gallon 
or  the  cubic  foot  was  to  be  the  basis  of  the  calculation,  whether 
minimum  rates  were  to  be  used,  or  whether,  instead,  a  fixed 
charge  should  be  made  for  the  service,  as  recommended  by  our 
committee  some  years  ago,   with  an  additional   charge  for  all 


PROCEEDINGS.  103 

I 

water  used,  and  the  question  would  be  taken  up  as  to  whether  the 
scale  should  slide,  and  if  so,  at  what  points,  and  those  points 
would  be  fixed;  but  the  rates  for  water,  and  for  the  minimiiTn 
charges,  or  for  service  charges  would  be  left  to  be  fixed  accord- 
ing to  the  requirements  of  each  case. 

Schedules  made  up  in  this  way  could  be  directly  compared 
with  each  other,  which  is  something  that  cannot  be  done  with 
present  schedules  of  water  rates,  except  in  rare  cases,  as  all  of 
us  know  who  have  had  to  do  with  the  rates,  when  effort  has  been 
made  to  investigate  them  by  judicial  procedure. 

I  may  mention  another  question  in  water-works  management^ 
that  arises  in  the  case  of  cities  or  towns  lying  close  together,  and 
supplied  most  conveniently  from  one  system.  Cases  of  this 
kind  are  always  numerous,  and  are  especially  so  in  the  more 
densely  settled  parts  of  the  country,  as  in  New  England.  There 
is  the  case  of  the  suburbs  of  a  larger  town,  and  the  case  of  several 
towns  lying  near  together,  where  the  most  available  source  of 
supply  is  at  some  distance,  and  where  a  single  system  would  best 
serve  all.  This  is  a  phase  of  water-works  business  where  municipal 
ownership,  up  to  the  present  time,  has  been  relatively  weak. 
The  company  form  of  management  has  had  a  distinct  advantage 
under  these  conditions,  because  it  knew  no  city  lines  and  could 
use  one  system,  as  far  as  it  was  physically  advantageous  to  do  so. 

In  Maine,  water  districts  have  been  formed,  the  boundaries 
of  which  followed  the  limits  of  the  territory  that  could  be  con- 
viently  supphed  with  one  system  of  works,  rather  than  poUtical 
boundaries.  This  plan  has  also  been  used  in  other  places  in 
America,  in  Europe,  and  quite  generally  in  AustraUa,  and  it  has 
been,  on  the  whole,  one  of  the  most  successful  means  of  dealing 
with  this  phase  of  the  question. 

The  Metropolitan  water  district  here  in  Boston  is,  perhaps,  the. 
most  conspicuous  case  of  a  successful  solution  of  this  problem, 
but  in  this  case  the  state  took  a  hand,  so  that  the  works  as  they 
stand  are  quite  as  much  a  state  affair  as  a  municipal  undertaking. 

In  other  cases,  especially  in  the  case  of  suburbs,  the  works  of 
a  city  have  been  extended  in  adjoining  country'-,  or  water  has  been 
sold  wholesale.  In  other  words,  the  municipality  has  been  given 
leave  to  extend  its  trading  beyond  its  own  boundaries.    Arrange- 
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ments  of  this  kind  have  been  frequent,  and  are  likely  to  be  still 
more  so,  and  in  case  one  of  the  towns  greatly  predominates  in 
size  over  the  others,  there  is  much  to  be  said  in  favor  of  this  arrange- 
ment. But  there  are  many  other  cases  where  several  municipali- 
ties have  independent  works,  and  are  so  situated  that,  physically, 
one  system  would  better  serve  than  several  independent  ones. 
The  water  problem  may  be  the  only  one  that  draws  these  particular 
mimicipalities  together,  and  co5peration  between  them  in  the 
line  of  economical  development  is  often  difficult  or  seemingly 
impossible.  This  is  one  of  the  most  interesting  problems  to  be 
solved  in  the  question  of  municipal  ownership. 


Election  of  Officers. 

The  President.  There  remains  only  one  item  of  business  to 
complete  the  year's  work,  and  that  is  the  report  of  the  tellers. 
Are  the  tellers  ready  to  report? 

Mr.  Samuel  A.  Agnew.  The  tellers  appointed  to  canvass 
ballots  for  the  election  of  officers  for  the  ensuing  year  submit 
the  following  report: 

PresidenL 
George  W.  Batchelder 301 

Vice-Presidents, 

J.  Waldo  Smith 292 

Frank  A.  McInnesb 302 

Millard  F,  Hicks 298 

John  H.  Cook 301 

Morris  Knowles 300 

Robert  S.  Weston 301 

Secretary. 
Willard  Kent 304 

Treasurer, 
Lewis  M.  Bancroft 304 

Editor, 
Richard  K.  Hale 303 
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Advertising  Agent. 
Geoboe  a.  King     306 

Additional  Members  of  Executive  Committee, 

Geoboe  A.  Stacy 301 

John  J.  Kibkfatbige 301 

Randolph  Bainbbidge 299 

Finance  Committee. 

Albebt  L.  Sawteb  301 

Fred  D.  Bebbt 299 

John  W.  Mobgan 301 

The  President  thereupon  declared  the  above-named  gentlemen 
to  have  been  elected  officers  of  the  Association  for  the  ensuing 
year,  and  requested  Mr.  George  A.  King  to  escort  the  newly- 
elected  President  to  the  chair.  Addressing  Mr.  Batchelder,  the 
retiring  President  said:  I  pass  you,  sir,  the  gavel,  and  congratu- 
late you  upon  your  election,  widiing  you  and  the  Association  all 
success  during  the  year  which  begins  with  this  act.    [AppUmse.] 

The  President.  Mr.  Hazen  and  Gentlemen  of  the  New  England 
Waier  Works  Association,  —  I  esteem  it  a  great  honor  to  have  been 
elected  as  your  President,  and  I  shall  make  it  my  earnest  effort 
during  the  coining  year  to  advance  your  interests  in  every  possible 
way  in  which  I  can.  The  success  of  any  association  depends  very 
largely  upon  the  co5peration  in  action  of  its  members  and  its 
officers,  and  I  sincerely  trust  that  we  shall  all  act  together  this 
year.  I  expect  to  receive  the  support  and  assistance  of  the  other 
officers,  of  the  committees,  and  of  all  the  members,  so  that  1912 
may  be  made  a  year  of  progress  for  the  New  England  Water 
Works  Association.    I  thank  you,  gentlemen.    [Applause.] 

Adjourned. 
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February  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  February  14,  1912, 

George  W.  Batchelder,  President,  in  the  chair. 

The  following-named  members  and  guests  were  present: 

HONORART. 

Frederic  P.  Steams. 

.Members. 

A.  S.  Agnew,  C.  H.  Baldwin,  G.  W.  Batchelder,  J.  W.  Blackmer,  George 
Bowers,  Dexter  Brackett,  £.  C.  Brooks,  I.  W.  Brooks,  G.  A.  Carpenter, 
George  Cassell,  J.  C.  Chase,  R.  D.  Chase,  M.  F.  Collins,  A.  W.  Cuddeback, 
A.  O.  Doane,  E.  D.  Eldridge,  G.  F.  Evans,  C.  R.  Felton,  F.  F.  Forbes,  F.  L. 
Fuller,  F.  J.  Gilford,  A.  S.  Glover,  Clarence  Goldsmith,  J.  M.  Goodell,  F.  H. 
Gunther,  R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  J.  O.  Hall,  T.  G.  Hazard,  Jr., 
H.  G.  Holden,  J.  L.  Hyde,  W.  S.  Johnson,  E.  W.  Kent,  WiDard  Kent,  G.  A. 
King,  J.  H.  McManus,  N.  A.  McMillen,  W.  E.  Maybury,  John  Mayo,  H.  A. 
Miller,  F.  L.  Northrop,  T.  A.  Peirce,  Bright  Porter,  P.  R.  Sanders,  A.  L. 
Sawyer,  G.  H.  Snell,  G.  A.  Stacy,  T.  V.  Sullivan,  W.  F.  SuUivan,  H.  L.  Thomas, 
R.  J.  Thomas,  L.  D.  Thorpe,  J.  L.  Tighe,  J.  A.  Tilden,  E.  J.  Titcomb,  C.  H. 
Tuttle,  W.  H.  Vaughn,  L.  J.  Wilber,  F.  I.  Winslow,  G.  E.  Winslow,  I.  S. 
Wood.  —  62. 

Associates, 

Anderson  Coupling  Company,  by  W.  D.  Cashin;  Builders  Iron  Foundry, 
by  V.  N.  Connet  and  C.  J.  Young;  Chapman  Valve  Man\ifacturing  Company, 
by  J.  T.  Mulgrem;  Engineering  Record,  by  I.  S.  Holbrook;  Darling  Pump 
Manufacturing  Company,  by  H.  H.  Davis;  Goulds  Manufacturing  Company, 
by  R.  E.  Hall;  Hersey  Manufacturing  Company,  by  A.  S.  Glover,  J.  A.  Tilden, 
and  W.  A.  Hersey;  Lead  Lined  Iron  Pipe  Company,  by  T.  E.  Dwyer;  Ludlow 
Valve  Manufacturing  Company,  by  H.  F.  Gould;  National  Meter  Company, 
by  C.  H.  Baldwin,  J.  G.  Lufkin,  and  H.  L.  Weston;  Neptune  Meter  Com- 
pany, by  H.  H.  Kinsey  and  R.  D.  Wertz;  Norwood  Engineering  Company, 
by  C.  E.  Childs;  Pittsburg  Meter  Company,  by  B.  A.  Lester;  Piatt  Iron 
Works  Company,  by  F.  H.  Hayes;  Rensselaer  Valve  Company,  by  C.  L. 
Brown;  A.  P.  Smith  Manufacturing  Company,  by  F.  L.  Northrop  and  D.  F. 
O'Brien;  Thomson  Meter  Company,  by  E.  M.  Shedd;  Union  Water  Meter 
Company,  by  F.  E.  Hall;  Water  Works  Equipment  Company,  by  W.  H.  Van 
Winkle,  Jr.,  and  E.  S.  Scott;  R.  D.  Wood  &  Co.,  by  C.  R.  Wood  and 
H.  M.  Simons;  Henry  R.  Worthington,  by  Samuel  Harrison.  —  30. 
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Guests. 

John  N.  Brooks,  Torrington,  Conn.;  J.  J.  Prindiville,  water  commissioner, 
Framingham,  Mass.;  Frank  S.  Hamlin,  water  commissioner,  Haverhill,  Mass.; 
A.  £.. Barrett,  water  commissioner,  Lowell,  Mass.;  Daniel  H.  Gorman,  com- 
missioner, East  Greenwich,  R.  I.;  Henry  F.  Wilkins,  John  P.  Goodwin,  water 
commissioners,  Marblehead,  Mass.;  Arthur  W.  Beckford,  Henry  NewhaJl, 
Danvers,  Mass.;  C.  L.  Leary,  engineer  public  works,  Peabody,  Mass.;  John 
J.  Nugent,  conmiissioner,  Beverly,  Mass.;  Harry  Greenhaigh,  president 
Water  Board,  Fall  River,  Mass.;  A.  Allen,  water  commissioner,  Westfield, 
Mass.;  Raymond  C.  Allen,  Manchester,  Mass.;  W.  H.  McGinty,  Frank  S. 
Bailey,  and  Tenny  Morse,  Boston,  Mass.;  Prof.  H.  C.  Ives,  Worcester,  Mass.; 
and  E.  F.  Hughes,  water  commissioner,  Watertown,  Mass.  —  19. 

The  Secretary  read  the  records  of  the  last  meeting.  On  motion 
of  Mr.  M.  F.  Collins  the  records  as  read  were  adopted. 

The  Secretary  presented  applications  for  membership,  duly 
reconmiended  and  endorsed,  from  Henry  Newhall,  Danvers,  Mass., 
superintendent;  J.  J.  Prindiville,  South  Framingham,  Mass:, 
member  and  secretary  Framingham  Water  Commissioners; 
Charles  A.  Leary,  Peabody,  Mass.,  in  charge  of  Water,  Street, 
and  Sewer  Division,  Public  Works;  Charles  William  Saxe,  New- 
port, R.  I.,  chemist  in  charge  of  Filtration  Plant,  Newport  Water 
Works;  Earl  W.  Kelly,  Duluth,  Minn.,  engineer  for  Duluth 
Water  and  Light  Department;  Myron  L.  Fuller,  Brockton,  Mass., 
formerly  chief  of  Eastern  Section,  Division  of  Hydrology,  U.  S. 
Geological  Survey,  and  now  consulting  engineer  on  underground 
water  supplies;  L.  E.  Thayer,  Waterville,  Me.,  trustee  Kennebec 
Water  District  and  city  treasurer;  Samuel  R.  Hatch,  Duluth, 
Minn.,  assistant  to  manager.  Water  and  Light  Department, 
Duluth;  Marvin  C.  Bimie,  Springfield,  Mass.,  who  has  been  en- 
gaged with  the  Thompsonville  Water  Company,  SpaflFord  Springs 
Aqueduct  Company,  and  Stanton  Aqueduct  Company;  Howard 
C.  Ives,  Worcester,  Mass.,  assistant  professor  of  railroad  engineer- 
ing, Worcester  Polytechnic  Institute.  —  10. 

On  motion  of  Mr.  T.  A.  Peirce,  the  Secretary  was  directed  to 
cast  one  ballot  in  favor  of  the  admission  of  the  applicants,  and  he 
having  done  so  they  were  declared  duly  elected  members  of  the 
Association. 

The  President.  The  members  of  the  New  England  Water 
Works  Association,  I  take  it,  are  always  glad  to  welcome  anybody 
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who  is  entering  their  business.  We  have  such  a  man  with  us  to- 
day, the  Commissioner  of  Water  and  Fire  Protection,  Lowell, 
Mass.,  and  it  gives  me  pleasure  to  introduce  Mr.  A.  E.  Barrett, 
who  will  speak  to  you. 

Mr.  Barrett  then  spoke  briefly  in  regard  to  the  duties  of  his 
position. 

The  first  paper  of  the  afternoon  was  by  Frederick  N.  Connett, 
mechanical  engineer,  Providence,  R.  I.,  on  "  Some  Recent  Appli- 
cations of  the  Venturi  Meter."  The  paper  was  illustrated  by 
stereopticon  views.  The  discussion  of  the  paper  was  opened  by 
Mr.  Allen  W.  Cuddeback,  who  read  a  letter  from  Mr.  John  H. 
Cook,  hydraulic  engineer  of  the  East  Jersey  Water  Company. 
Mr.  Richard  A.  Hale  spoke  of  the  successful  work  of  the  Venturi 
meter  at  Lawrence,  and  Mr.  Connett  replied  to  questions  asked 
by  Prof.  Dwight  Porter  and  Mr.  Frank  L.  Fuller. 

Me.  Richard  K.  Hale.  Mr.  President,  it  has  come  to  my 
attention  that  several  people  have  commented  upon  certain  fea- 
tures of  our  Standard  Specifications  for  Cast-iron  Pipe,  and  sug- 
gested revision.  It  has  been  suggested,  therefore,  that  the  matter 
be  referred  to  the  Committee  on  Cast-Iron  Pipe,  to  determine 
whether  these  specifications  should  be  revised  or  not.  I  therefore 
make  the  following  motion:  That  the  question  of  the  desirability 
of  revising  the  Standard  Specifications  for  Cast-iron  Pipe  be  re- 
ferred to  the  Committee  oiv  Pipe  Specifications,  with  the  request 
that  they  report  on  this  matter  at  the  next  meeting  of  the  As- 
sociation. 

The  President.  You  have  heard  Mr.  Hale's  motion:  is  there 
anything  to  be  said? 

Mr.  Dexter  Brackett.  As  a  member  of  that  committee,  I 
would  like  to  ask  if  it  is  contemplated  to  refer  the  matter  back  to 
the  original  committee.  I  supposed  that  that  committee  had  long 
ago  gone  out  of  existence. 

^  Mr.  Hale.  I  am  informed  that  this  committee  is  still  in  ex- 
istence and  that  you  are  the  chainnan,  and  that  Mr.  Mclnnes 
and  Mr.  Forbes  are  the  other  two  members. 

Mr.  Brackett.  I  wish  to  state  that  while  I  think  it  is  desir- 
able that  the  question  of  the  Standard  Specifications  be  considered, 
with  a  view  of  possibly  adopting  some  changes  which  the  experi- 
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ence  of  the  last  ten  years  has  shown  advisable,  I  should  not  be 
willing  to  retain  the  chairmanship  of  that  committee,  and  really 
I  should  prefer  not  to  be  a  member  of  it.  I  am,  however,  willing 
to  give  the  benefit  of  any  experience  I  may  have  had  in  the 
previous  study  of  the  question.  I  should  think  it  would  be  well 
to  have  a  committee  of  five,  as  I  know  there  is  much  work  to  be 
done,  and  that  the  committee  be  appointed  by  the  President.  As 
to  that  committee  making  any  report  at  the  next  meeting  if  that 
would  mean  anything  in  the  shape  of  suggesting  changes,  I  think 
there  would  be  hardly  time  for  that.  I  only  offer  this  as  a 
suggestion. 

The  President.  Mr.  Brackett,  the  idea  is  simply  that  the 
committee  will  report  on  the  advisability  of  making  changes,  — 
not  to  suggest  the  changes,  but,  if  they  deem  it  advisable  and 
proper  to  have  changes  made,  to  report  back  to  the  Association 
at  the  next  meeting  so  that  we  may  act  upon  the  matter  then, 
and  decide  whether  to  appoint  a  new  committee  or  to  continue 
the  old  committee. 

Mr.  BRACKETf.    If  that  is  the  idea,  I  am  satisfied. 

(Mr.  Hale's  motion  was  adopted.) 

The  President.  The  Executive  Committee  have  been  look- 
ing about  for  a  place  to  hold  the  next  annual  convention.  We 
sent  out  notices  to  the  members,  as  you  know,  asking  them  to 
express  their  preferences.  We  have  had  171  replies,  and  a  sum- 
mary of  those  replies  is  as  follows: 

First  choice:  Washington,  72;  New  York,  62;  Philadelphia,  36. 
Scattering,  1. 

Second  choice:  Washington,  26;  Philadelphia,  71;  New  York, 
37.    Scattering,  2. 

The  committee  have  not  yet  decided  upon  the  place,  but  they 
will  probably  be  somewhat  guided  by  the  replies  received  from  the 
members. 

Mr.  William  S.  Johnson,  sanitary  and  hydraulic  engineer, 
Boston,  Mass.,  read  a  paper  entitled  "  Some  Things  Domestic 
Meters  jdo  Not  Accomplish."  This  paper  was  also  illustrated  by 
the  stereopticon.  It  was  discussed  by  Mr.  Dexter  Brackett,  Mr. 
Allen  W.  Cuddeback,  Mr.  Frank  L.  Fuller,  and  Mr.  George  A. 
Carpenter. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Wednesday,  December  13,  1911. 

Present:  President  Allen  Hazen,  and  members  Morris  Ejiowles, 
Lewis  M.  Bancroft,  Richard  K.  Hale,  Robert  J.  Thomas,  and 
Willard  Kent. 

Five  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely: 

For  membership:  John  L.  Hyde,  city  engineer,  Westfield,  Ma^.; 
Walter  E.  Miller,  C.  E.,  Railroad  Conmiission  of  Wisconsin, 
Madison,  Wis.;  Charles  H.  Ross,  superintendent  Waterloo  Water 
Company,  Waterloo,  N.  Y.;  Alfred  A.  Young,  superintendent 
Jewett  City  Water  Company,  Jewett  City,  Conn. 

For  associate:  Eddy  Valve  Company,  manufacturers  of  valves 
and  hydrants,  Waterford,  N.  Y. 

Adjourned. 

Willard  Kent,  Secretary. 


Meetihg  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  headquarters,  Tremont  Temple,  Boston, 
January  10,  1912,  at  11.30  a.m. 

Present:  President  Allen  Hazen,  and  members  J.  Waldo  Smith, 
Michael  F.  Collins,  Leonard  Metcalf,  Irving  S.  Wood,  Frank  A. 
Mclnnes,  Morris  Knowles,  Lewis  M.  Bancroft,  Richard  K.  Hale, 
and  Willard  Kent. 

Six  applications  for  membership  were  received  and  recommended 
for  admission,  namely: 

Sam  H.  Pitcher,  assistant  engineer,  Worcester,  Mass.;  Hervey 
A.  Hanscom,  contracting  engineer,  Boston,  Mass.;  Lewis  L. 
Wadsworth,  president  Hanscom  Construction  Company,  Boston, 
Mass.;  Herbert  F.  Salmonde,  chemist  West  Parish  Filters, 
Springfield    Water    Works,    Westfield,    Mass.;     Paul    Hansen, 
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•engineer   Illinois   State   Water   Survey,    University   of   Illinois, 
Urbana,  111.;    Harrington  P.  Stearns,  assistant  engineer  Queens 
County  Water  Company,  Far  Rockaway,  N.  Y. 
Adjourned. 

WiLLAKD  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  headquarters,  Tremont  Temple,  Boston, 
at  2.30  P.M.,  Friday,  January  26, 1912,  pursuant  to  call  of  President. 

Present:  President  George  W.  Batchelder,  and  members  Frank 
A.  Mclnnes,  Randolph  Bainbridge,  Lewis  M.  Bancroft,  Richard 
K.  Hale,  George  A.  King,  and  Willard  Kent. 

Voted:  On  motion  of  Mr.  King,  seconded  by  Mr.  Bancroft,  that 
the  Secretary  be  instructed  to  send  with  the  notices  of  the  Febru- 
ary meeting  a  request  for  the  members  to  express  their  preference 
of  a  place  for  holding  the  next  annual  convention. 

Adjourned. 

Willard  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  the  rooms  of  the  Association,  Tremont 
Temple,  Boston,  M[ass.,  February  14,  1912,  at  11.30  a.m. 

Present:  President  George  W.  Batchelder,  and  members  Frank 
A.  Mclnnes,  George  A.  Stacy,  Richard  K.  Hale,  George  A.  King, 
and  Willard  Kent. 

The  Treasurer's  bond  for  $5  000,  by  the  Massachusetts  Bonding 
and  Insurance  Company,  was  presented  and  by  unanimous  vote 
approved. 

Ten  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely: 

For  members:  Henry  Newhall,  superintendent  water  wdrks, 
Danvers,  Mass.;  J.  J.  Prindiville,  water  commissioner.  Framing- 
ham  Mass.;  Charles  A.  Leary,  engineer,  Commission  of  Public 
Works,  Peabody,  Mass.;  Charles  W.  Saxe,  chemist  in  charge 
Filtration  Plant,  Newport,  R.  I.;  Earl  W.  Kelly,  engineer  Water 
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and  Light  Department,  Duluth,  Minn.;  Myron  L.  Fuller,  con- 
sulting engineer,  Boston,  Mads. ;  L.  E.  Thayer,  trustee  Kennebec 
Water  District,  Waterville,  Me.;  Samuel  R.  Hatch,  assistant  to 
manager,  Water  and  Light  Department,  Duluth,  Minn.;  Marvin 
C.  Birnie,  civil  engineer,  Springfield,  Mass.;  Howard  C.  Ives, 
professor  water  supply  and  railroad  engineering,  Worcester 
rolytechnic  Institute,  Worcester,  Mass. 

The  result  of  ballot  by  members  on  place  of  holding  next  annual 
convention  was  presented  as  follows: 
Replies  were  received  from  171  members. 

First  Choice.  Second  Choice. 

Washington 72  26 

Philadelphia 36  71 

New  York 62  37 

Boston 1  1 

Providence . .  1 

After  a  discussion,  the  matter  was  referred  to  a  later  meeting  of 
the  Executive  Committee. 
Adjourned. 

WiLLARD  Kent,  Secretary. 


New  England  Water  Works  Association. 
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This  Association,  as  a  body,  is  not  responsible /or  the  statements  or  opinions  of  any  of  its 

members. 


HOW  THE  WATER  EMERGENCY  AT  WORCESTER, 
MASS.,  WAS  HANDLED  IN  THE  SUMMER  OF  1911, 
TOGETHER  WITH  A  BRIEF  DESCRIPTION  OF 
WORCESTER'S   SOURCES   OF   WATER    SUPPLY. 

BY    FRANK    C.    KIMBAX.L. 

[Read  March  13,  1912.] 

In  the  summer  of  1911  the  city  of  Worcester,  Mass.,  experienced 
a  water  shortage,  not  to  call  it  a -famine.  Several  possible  sources 
of  supply  to  relieve  the  stringency  were  considered,  and,  while 
some  of  them  were  later  used  to  some  extent,  it  was  soon  recognized 
that  about  the  only  source  which  combined  both  quantity  and 
quality  was  the  Waohusett  reservoir  of  the  Metropolitan  Water 
Works,  in  the  towns  of  Boylston  and  West  Boylston.  The  nearest 
available  point  at  which  this  source  could  be  tapped  was  about 
eight  miles  from  the  City  Hall  in  Worcester,  and  at  an  elevation 
at  high  water  of  about  92  ft.  below  the  street  at  the  City  Hall, 
about  330  ft.  below  the  low-service  reservoir  supply  and  about 
435  ft.  below  the  level  of  the  high-service  reservoirs  of  Worcester. 
It,  therefore,  was  a  serious  question  —  at  a  time  when  the  water 
stringency  had  become  so  great  that  further  delay  could  not  be 
tolerated,  —  whether  the  necessary  pipes,  machinery,  etc.,  could 
be  obtained  and  installed  in  season  to  be  of  benefit  to  the  city. 
In  fact,  at  a  conference  between  the  State  Board  of  Health  and 
officials  ot  the  city  of  Worcester  in  Boston,  on  July  20,  the  opinion 
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was  expressed  by  the  chairman  of  that  board,  that  it  would  be  a 
physical  impossibiIit>  to  get  the  Metropolitan  water  into  the  city 
in  time  to  be  of  use. 

It  was  fortunate  for  the  city  that  it  had  as  its  mayor  at  this  time, 
the  Hon.  James  Logan,  a  thoroughly  trained  business  man, 
versed  in  handling  large  business  enterprises  and,  therefore, 
capable  of  dealing  with  the  important  questions  involved  in  an 
undertaking  of  this  character.  Believing  that  the  materials  could 
be  found  and  the  work  done,  all  without  unnecessary  delay  if 
the  problem  were  attacked  in  the  right  way,  he  lost  no  time  in 
getting  in  touch  with  various  parties  whom  he  thought  might 
help  the  city  in  its  crisis.  Among  others  whom  he  consulted  in 
the  matter  was  the  Stone  &  Webster  Engineering  Corporation  of 
Boston,  who,  while  not  to  any  material  extent  operating  along 
water-works  Unes,  suggested  certain  ways  and  methods  by  which 
it  was  thought  the  project  could  be  carried  out.  Examinations 
were  made  by  them  in  behalf  of  the  city,  together  with  some 
inquiries  as  to  the  possibility  of  obtaining  the  necessary  supplies 
to  prosecute  the  work. 

On  Friday  noon  of  August  4,  the  writer  was  asked  by  Mr.  F. 
N.  Bushnell,  engineering  manager  of  that  corporation,  to  go  to 
Worcester,  examine  certain  proposed  routes  for  a  pipe  line  from 
Wachusett  reservoir  to  the  city,  determine  the  sizes  of  pipe  neces- 
sary to  deliver  over  the  routes  examined  not  less  than  6  000  000 
gal.  of  water  daily  into  its  low-service  system,  and  to  report  in 
full  by  the  following  Tuesday  at  noon.  He  spent  that  afternoon 
and  the  following  day  going  over  the  ground  as  well  as  following 
up  the  situation  in  the  offices  of  the  city  engineer  and  of  the  water 
commissioner,  including  also  several  conferences  with  the  mayor 
and  the  city  attorney,  and  on  Tuesday  noon  submitted  his  report 
to  Mr.  Bushnell,  followed  the  next  day  with  an  estimate  in  detail 
of  the  cost  of  so  much  of  the  work  as  had  been  embraced  in  his 
studies.  This  report  recommended  the  route  finally  adopted 
but  with  the  further  recommendation  that  certain  reinforcing 
mains  be  laid  by  and  in  the  city  to  supplement  those  already  in 
place  between  that  section  known  as  '*  Summit," — where  it  was 
proposed  to  connect  with  the  city's  mains,  —  and  Lincoln  Square, 
where  it  was  required  to  deliver  the  water  to  a  30-in.  low-service 
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pipe.  Attention  was  also  directed  to  the  fact  that  even  with  these 
changes  it  might  be  difficult  to  give  proper  service  to  certain 
portions  of  the  city  on  Burncoat  Hill  and  in  the  Greendale  section 
if  the  high-service  mains  then  supplying  these  sections  were 
diverted  from  their  uses  and  used  to  bring  in  the  water  for  the  low- 
service  supply. 

Owing  to  the  illness  of  the  city  engineer,  Mr.  Frederick  A. 
McCliure,  Mayor  Logan  on  Wednesday,  August  9,  appointed  Mr. 
Charles  A.  Allen,  M.  Am.  Soc.  C.  E.,  formerly  city  engineer  of 
Worcester  and  member  of  long  standing  in  this  association,  as 
consulting  engineer  upon  the  entire  question  of  emergency  sup- 
plies of  water,  he  to  assume  control  of  all  construction  required 
by  whatever  plans  were  adopted,  and  particularly  to  see  that  the 
work  was  prosecuted  to  a  speedy  conclusion.  Acting  at  once'  in 
the  matter,  on  the  following  day  he  in  company  with  the  mayor 
had  a  conference  at  the  office  of  Stone  &  Webster  with  members 
of  that  organization,  at  which  the  writer  was  present,  where  all 
information  gathered  by  that  concern  was  placed  at  the  full  dis- 
possi  of  the  city  and  the  tender  of  such  assistance  as  they  could 
render  them,  made.  As  one  of  the  results  of  this  conference,  on 
the  following  Saturday,  August  12,  the  writer  was  engaged  by 
Mr.  Allen  to  assist  him  in  carrying  out  the  work  for  which  he  had 
been  retained,  and  he  immediately  went  to  Worcester  for  that 
purpose. 

As  there  was  at  this  time  less  than  80  000  000  gal.  in  the  low- 
service  reservoirs,  and  the  almost  certain  necessity  was  seen  of 
having  to  use  the  water  in  the  high  service  to  supplement  the 
low  before  the  Metropolitan  supply  could  be  completed,  it  was 
early  decided  by  Mr.  Allen  that  any  supply  brought  to  the  city 
would  have  to  be  under  a  pressure  sufficient  to  supply  the  high 
service  as  well  as  the  low  and  of  such  capacity  that,  if  weather 
conditions  did  not  help  the  city,  it  would  be  ample  for  practically 
the  entire  daily  consumption.  Further,  as,  by  so  doing,  the  com- 
plications due  to  attempting  to  use  certain  of  the  high-ser\'ice 
mains  imder  low-service  conditions  would  be  obviated,  the  plans 
finally  adopted  were  upon  the  basis  of  pumping  10  000  000  gal. 
a  day  into  the  high  service. 

It  was  further  decided  to  take  the  water,  subject  to  the  per- 
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mission  of  the  Metropolitan  Water  and  Sewerage  Board,  from  a 
point  in  Wachusett  reservoir  in  South  Bay,  near  the  entrance  of 
Muddy  Brook,  so  called,  and  where  at  high  water  there  was  a 
depth  of  upwards  of  40  ft.,  and  to  bring  the  supply  into  Worces- 
ter by  way  of  Hartwell  and  Burncoat  streets,  delivering  it  to  the 
city's  high-service  mains  at  West  Boylston  and  Mountain  streets 
in  that  section  of  the  city  known  as  "  Summit."  To  reduce  the 
friction  head  as  much  as  possible,  a  30-in.  pipe  line  was  found  to 
be  desirable.  Estimates  of  cost  covering  the  work  upon  this  plan 
were  made  and  submitted  to  the  mayor  on  the  morning  of  August 
14,  and  by  him  transmitted  to  the  City  Council  that  same  evening, 
at  which  time  by  resolution,  the  consulting  engineer,  Mr.  Allen, 
under  the  direction  of  the  mayor,  was  ordered  to  proceed  with  the 
work  and  do  all  things  necessary  to  procure  and  make  available 
at  the  earUest  possible  moment  an  emergency  water  supply  de- 
livered into  the  high-service  mains  as  above  outlined.  The  esti- 
mated cost  of  this  work,  $153  000,  was,  with  other  amounts, 
appropriated  at  this  same  meeting. 

The  necessity  of  changing  the  plan  so  as  to  permit  of  taking 
care  of  the  high  as  well  as  of  the  low  service,  and  of  providing 
sufficient  capacity  to  substantially  meet  the  full  daily  needs  of 
the  city,  as  well  as  the  need  of  haste  in  the  execution  of  the  work, 
may  be  seen  from  the  fact  that  on  August  5,  with  a  daily  average 
consumption  in  the  month  of  July  of  about  10  700  000  gal.,  of 
which  about  4  850  000  gal.  came  from  the  high-service  sources,  and 
about  5  850  000  gal.  from  the  low  service,  there  was  in  storage,  in 
the  Tatnuck  or  low-service  reservoirs,  only  about  80  000  000  gal., 
and  in  the  Kettle  Brook  and  Lynde  Brook  reservoirs,  supplying 
the  high  service,  about  580  000  000  gal.  Thus  the  low  service 
had  only  about  fourteen  days'  supply  on  that  date  for  its  portion 
of  the  city,  after  which,  if  not  replenished,  the  high-service  supplies 
would  have  to  be  called  upon  to  supply  the  entire  city.  Upon  the 
assumption,  fair  at  this  season  of  the  year,  —  August  and  Septem- 
ber, —  that  any  yield  from  the  watersheds  would  probably  be 
sufficient  only  to  care  for  evaporation  at  the  best,  the  entire 
supply  in  storage  on  August  5,  about  660  000  000  gal.,  after  de- 
ducting such  of  it  as  was  not  available,  would  supply  the  city  for 
from  sixty  to  sixty-five  days. 
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In  order  that  a  clear  understanding  of  the  situation  at  this  time 
may  be  had,  a  brief  description  of  the  various  sources  supplying 
Worcester  will.be  of  interest. 

At  this  time,  all  of  its  water  supply  is  obtained  by  gravity  from 
three  brooks,  all  tributary  to  the  Blackstone  River.  These  had 
been  developed  by  the  construction  of  dams  across  these  streams 
at  advantageous  points,  thus  forming  seven  storage  reservoirs. 
The  accompanying  map  (Plate  II)  has  been  prepared  through  the 
courtesy  of  the  city  engineer's  office  in  Worcester,  and  outlines 
these  various  supplies,  indicating  as  well  certain  contemplated 
additional  sources  from  which  Worcester  expects  to  draw,  as  well 
as  showing  the  various  emergency  sources  utilized  in  the  summer 
and  fall  of  1911. 

The  original  source  of  Worcester's  water  supply  was  Bell  Pond 
on  Belmont  Hill,  which  in  turn  was  fed  by  an  aqueducc  from 
Putnam's  Meadow,  so  called,  to  the  northeast  of  this  pond.  This 
was  the  sole  supply  of  the  city  until  the  early  '70's  when  the 
Lynde  Brook  supply  was  developed.  After  Lynde  Brook  supply 
was  turned  on  to  the  city.  Bell  Pond  was  used  more  or  less,  and 
particularly  as  an  emergency  supply,  until  about  1898,  when  it 
was  finally  abandoned. 

The  oldest  supply  of  those  now  in  use  is  that  of  Lynde  Brook. 
This  has  a  drainage  area  of  about  2.92  sq.  miles  and  a  storage  of 
700  581  000  gal.  From  this  reservoir  is  taken  all  the  high-service 
supply  for  the  city,  through  the  main  gatehouse  near  the  lower 
end  of  the  reservoir.  Some  distance  up  the  easterly  side  of  this 
reservoir  is  another  gatehouse  controlling  the  flow  through  a 
30-in.  conduit  to  Parson's  reservoir,  a  distributing  reservoir  at 
the  same  elevation  as  the  low-service  reservoir  No.  2  of  the  Tatnuck 
system.  Through  this  connection  the  waters  of  Lynde  reservoir 
may  be  used  for  the  low  service  also,  the  prevailing  practice  being 
to  take  a  limited  portion  of  the  low-service  supply  from  this  source 
as  well  as  all  of  the  high  service.  There  are  likewise  several  gated 
cross-overs  about  the  city  by  means  of  which  the  high  service  can 
be  connected  with  the  low  service. 

To  the  west  of  the  Lynde  Brook  watershed  is  that  of  Kettle 
Brook.  This  watershed  has  an  area  of  about  3.62  sq.  miles,  the 
storage  of  which  has  been  developed  by  four  reservoirs  with  a 
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combined  capacity  of  812  362  000  gal.  The  lower  one  of  these^ 
Kettle  Brook  No.  1,  is  connected  to  the  Lynde  Brook  reservoir 
by  a  30-in.  conduit,  through  which  all  utilized  waters  of  the  Kettle 
Brook  watershed  flow. 

Draining  into  Kettle  Brook  Reservoir  No.  1  from  the  west, 
but  without  any  independent  storage,  is  Peter  Brook,  having  a 
drainage  area  of  0.48  sq.  miles.  This  brook  formerly  drained  into 
Kettle  Brook  some  distance  below  the  reservoir  but  is  now  di- 
verted so  as  to  feed  into  Worcester's  supply.  These  three  brooks 
combined  give  a  total  drainage  area  of  7.02  sq.  miles,  with  a  storage 
of  about  1  512  943  000  gal.,  all  available  for  Worcester's  high- 
service  system  and  also  capable  as  above  described  for  the  low 
service  when  needed,  being  to  some  extent  usually  so  used. 

To  the  northeast  of  the  Lynde  Brook  watershed  is  that  of  Tat- 
nuck  Brook,  sometimes  called  the  Holden  supply  from  the  town 
in  which  it  is  principally  situated.  This  is  used  solely  for  the  low 
service  of  Worcester,  and  has  a  watershed  area  of  about  5.23  sq. 
miles,  with  a  developed  storage  by  means  of  two  reservoirs  of 
about  986  717  000  gal.  without  the  use  of  flashboards.  Eight- 
een-inch-high  flashboards  are  sometimes  used  in  the  overflow 
of  these  two  reservoirs  only,  and  when  so  used,  increase  their 
capacity  by  about  91  190.000  gal.  Together,  these  two  systems 
have  a  combined  watershed  of  about  12.25  sq.  miles  with  a  de- 
veloped storage  when  flashboards  are  used  of  about  2  590  850  000 
gal.  and  at  this  time  constituted  the  entire  water  supply  of 
Worcester. 

An  examination  of  a  topographical  map  of  this  region  will  show 
that  Worcester  is  situated  in  a  comparatively  high  altitude  and 
very  close  to  the  divide  separating  the  various  watersheds  of 
Eastern  Massachusetts.  It  has,  therefore,  a  somewhat  limited 
area  from  which  to  draft  a  water  supply  without  pumping  against 
high  heads.  About  eight  miles  northwesterly  from  the  city,  in 
the  town  of  Paxton,  is  the  summit  or  apex  of  four  different  water- 
sheds, where  head:  Turkey  Hill  Brook,  draining  generally 
in  a  southwesterly  direction  into  the  Chicopee  River;  Town 
Meadow  Brook,  draining  southerly  into  the  Quinebau^  River; 
Tatnuck,  Lynde  and  Kettle  brooks^  draining  southeasterly 
into  the  Blackstone  River;    Asnebumskit  and  Kendall  brooks, 
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draining  northerly  and  easterly  into  the  Quinepoxit  River  and 
forming  part  of  the  watershed  of  the  south  branch  of  the  Nashua 
River,  which  in  turn,  by  means  of  the  dam  just  above  Clinton, 
forms  the  Wachusett  Reservoir,  supplying  the  larger  part  of  the 
Metropolitan  water  for  Boston  and  vicinity. 

Another  watershed,  that  of  Ware  River,  heads  in  the  town  of 
Rutland,  just  to  the  north  of  Paxton  and  to  the  west  of  the  Nashua 
River  watershed. 

These  are  all  shown  on  Plate  II  and  indicate  better  than  can 
any  description  the  extent  to  which  Worcester  had  to  this  date 
developed  all  water  supplies  within  what  may  be  termed  its 
territory. 

Foreseeing,  however,  the  ultimate  necessity  of  going  beyond 
the  Blackstone  River  shed  for  an  additional  supply,  Worcester 
had  retained,  in  Chapter  488  of  the  Acts  of  1895,  the  original  act 
creating  the  Metropolitan  Water  District,  the  right  to  take  water 
from  the  Nashua  River  watershed  under  certain  conditions.  This 
right  was  extended  and  amplified  by  subsequent  legislation  in 
1897  and  again  in  1902  when,  by  Chapter  351  of  the  Acts  of  that 
year,  authority  was  expressly  granted  to  Worcester  to  take  the 
waters  of  both  Kendall  and  Asnebumskit  brooks  under  the  condi- 
tions contained  in  said  Act.  Proceeding  under  the  terms  of  this 
legislation,  while  no  legal  taking  of  the  water  had  then  been  made, 
more  or  less  construction  work  leading  to  the  development  of 
these  sources  had  been  done  at  this  time.  Both  Kendall  and  Pine 
Hill  reservoirs  as  they  formerly  existed  were  storage  reservoirs, 
built  and  maintained  by  the  mills  on  the  streams  below,  and  before 
being  disturbed  by  the  city  had  estimated  capacities  of  82  000  000 
and  119  000  000  gal.  respectively.  To  this  time  in  connection  with 
the  general  plan  for  using  these  waters,  Worcester  has  constructed 
a  receiving  pool,  discharging  into  the  head  of  Tatnuck  Brook,  a 
conduit,  built  partly  in  tunnel  and  partly  in  open  cut,  through  the 
divide,  to  and  through  a  gatehouse  in  a  dike,  also  built  at  the 
southerly  or  upper  end  of  Kendall  Reservoir.  This .  dike  was 
required  for  the  purpose  of  raising  the  water  level  higher  than  the 
natural  divide  between  the  two  sheds  and  providing  more  storage 
than  otherwise  would  have  been  available.  The  conduit  through 
this  dam  continues  about  half  way  through  Kendall  Reservoir. 
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Above  Kendall  Reservoir  and  about  half  way  between  Kne  Hill 
Reservoir  and  Eagleville  Pond,  a  diversion  dam  and  headworks 
have  been  built  across  Asnebumskit  Brook,  and  an  open  conduit  or 
canal,  lined  with  concrete,  constructed  from  these  headworks  to 
Kendall  Reservoir,  into  which  it  discharges. 

To  digress  at  this  point,  it  may  he  stated  that  the  Asnebumskit 
and  Kendall  watersheds  combined,  which  will  thus  be  utilized, 
cover  about  9.48  sq.  miles,  and  will,  when  developed,  with  the 
existing  watersheds,  give  Worcester  a  watershed  area  of  21.73 
sq.  miles  to  draw  from.  The  present  plans  contemplate  the  build- 
ing of  a  dam  at  the  northerly  end  of  Kendall  basin,  near  the 
present  outlet  of  Kendall  Brook  (this  dam  being  at  the  present 
time,  March,  1912,  partially  completed)  and  of  a  height  to  materi- 
ally increase  its  former  storage  capacity,  together  with  the  ex- 
tension of  the  conduit  or  channel  through  the  reservoir  so  that  it 
may  entirely  drain  through  the  divide  into  Tatnuck  Brook.  Later 
and  as  a  part  of  the  same  general  scheme,  it  is  intended  to  develop 
the  Asnebumskit  Brook  watershed  by  the  construction  of  a  new 
dam  near  but  a  little  above  the  site  of  the  present  one  at  Pine 
Hill  and  with  a  flow  Une  at  elevation  about  902,  taking  the  waters 
so  stored  through  the  channel  of  the  brook  to  the  headworks  above 
outlined,  thence  through  the  open  channel  or  canal,  discharging 
into  Kendall  Reservoir  and  from  there  through  the  conduit  into 
the  head  of  the  Tatnuck  system.  These  improvements  are  ex- 
pected to  give  Worcester  an  additional  storage  capacity  in  Kendall 
Reservoir  of  about  814  500  000  gal.,  and  in  Pine  Hill  Reservoir 
of  about  2  155  000  000  gal.  When  completed,  Worcester  will  thus 
have  a  total  storage  of  5  469  160  000  gal.,  without  the  use  of  flash- 
boards,  which  with  its  then  combined  watershed  of  21.73  sq.  miles 
should  be  ample  for  a  population  of  considerably  over  250  000. 

On  July  1,  1911,  the  city  had  in  its  low-service  or  Tatnuck 
reservoirs,  about  245  000  000  gal.,  of  which  about  225  000  000  gaJ. 
were  available.  On  the  same  date  in  the  Lynde  and  Kettle  Brook 
reservoirs,  the  high-ser\ice  system,  were  about  749  000  000  gal., 
351  000  000  being  in  the  Kettle  Brook  and  398  000  000  in  Lynde 
Brook  reservoirs.  Of  this  quantity  about  714  000  000  gal.  could  be 
drawn  for  use.  On  August  5,  as  above  stated,  the  total  quantity 
in  storage  was  about  660  000  000  gal.,  thus  showing  a  loss  of  334- 
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000  000  gal.  in  thirty-six  days,  or  an  average  of  about  9  300  000 
gal.  per  day. 

During  the  month  of  June,  the  city  had  used,  in  round  numbers, 
333  000  000  gal.,  a  daily  average  of  11  100  000  gal. 

Thus  facing  a  draft  of  between  nine  and  ten  million  gallons  per 
day  in  excess  of  yield,  on  July  1  it  was  apparent  to  anyone  that 
Worcester  might  easily  be  out  of  water  by  October  1st  to  the  15tb. 
To  the  mayor,  the  city  engineer  and  the  water  commissioner  it 
had  been  evident  long  before  this  time  that  unless  relieved  by 
rains,  Worcester  was  facing  a  water  famine.  For  several  years 
prior  to  this  date,  both  the  city  engineer  and  the  water  commis- 
sioner in  their  yearly  reports  had  recommended  that  steps  be 
taken  to  permanently  augment  the  supply,  and  to  this  end  not  only 
had  complete  plans  been  prepared  but  work  had  been  carried 
forward  along  the  lines  of  such  plans  to  the  extent  above  outlined, 
—  all  that  could  be  done  with  the  means  provided  therefor.  The 
work  had  not,  however,  at  this  time  progressed  to  a  point  where 
it  rendered  available  any  addition  in  quantity  to  the  supply  al- 
though some  considerable  portion  of  the  work  then  completed 
was  of  very  great  assistance  in  handling  certain  of  the  emergency 
supplies  furnished  the  city  later. 

The  first  real  oflScial  recognition  of  the  existence  of  an  emergency 
in  the  water  supply  by  the  City  Council  was  made  on  June  26, 
when  it  instructed  the  water  department  to  take  all  necessary 
steps  to  xjurtail  the  use  of  water,  and  particularly  to  see  that  all 
hose,  street  sprinkling,  etc.,  was  discontinued.  This  was  done  at 
once,  a  rigid  inspection  maintained,  railroads  were  required  to 
obtain  their  water  at  other  places  whenever  possible,  and  such 
other  steps  taken  as  would  insure  the  use  of  water  for  absolute 
domestic  and  business  necessities  only.  Still  the  first  week  in 
July  showed  a  drop  in  the  storage  of  approximately  10  000  000 
gal.  daily.  All  waters  in  the  upper  reservoirs  were  drawn  into  the 
lower  ones  to  reduce  evaporation  as  much  as  possible.  As  a  pre- 
liminary step  looking  to  its  use  as  a  possible  supply,  although  at 
that  time  having  no  legal  right  to  the  water,  the  mayor  entered 
into  an  agreement  with  the  owners  of  Pine  Hill  Reservoir  not  to 
draw  down  the  water  then  in  storage  for  the  mills  below  but  to 
leave  it  for  the  possible  use  of  the  city. 
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On  July  10  the  City  Council  authorized  the  city  engineer  and 
the  water  commissioner,  acting  under  the  direction  of  the  mayor, 
to  take  the  waters  of  Asnebumskit  Brook,  Lake  Quinsigamond, 
and  such  other  available  source  or  sources  as  in  their  judgment 
the  exigencies  of  the  city  demanded,  procuring  and  erecting  all 
necessary  pumping  and  other  machinery,  pipes  and  appurtenances, 
etc.,  an  appropriation  being  made  for  that  purpose. 

The  city  of  Worcester  for  over  thirty  years  has  kept  installed 
on  the  shore  of  Coes  Pond,  a  pumping  plant  for  use  in  any  emer- 
gency that  might  arise,  and  in  that  period,  although  not  for  a 
number  of  years  prior  to  this  time,  it  had  been  so  used.  An  order 
had  been  passed  by  the  City  Council  as  long  before  as  December 
28,  1910,  to  prepare  the  pumps  at  Coes  Pond  for  use  in  case  of 
necessity,  and  to  erect  such  additional  boilers  and  pumps  as  might 
seem  desirable,  which  was  done.  Coes  Pond  and  Reservoir  com- 
bined were  estimated  to  hold  about  250  000  000  gal.  of  avail- 
able water,  and  it  was  all  along  thought  it  could  be  used 
to  help  Worcester  out  of  its  troubles.  On  January  5,  1911,  the 
State  Board  of  Health  approved  the  use  of  these  waters  in  the 
event  of  a  drought,  although  as  a  matter  of  precaution  recom- 
mended that  the  inhabitants  be  cautioned  to  boil  the  water  before 
drinking.  This  permission  was  reiterated  by  the  board  on  March 
28,  and  the  officials  of  the  city  had  been  relying  largely  upon  this 
source  to  relieve  any  stringency  that  might  arise.  However,  so 
much  pubUc  sentiment  had  been  created  against  the  use  of  this 
water  that  on  July  20,  at  the  conference  before  mentioned,  the 
State  Board  of  Health  decided  that  this  water  could  not  be  used 
except  as  a  last  resort,  and  as  a  consequence  a  complete  change 
in  plan  was  necessary. 

Lake  Quinsigamond  waters  could  not  be  used  directly  from  the 
lake  on  account  of  pollution  due  to  the  state  hospital  on  the  hill 
to  the  west,  and  also  that  due  to  the  cottages  and  places  of  amuse- 
ment surrounding  the  lake.  Consideration,  however,  was  given 
to  driving  wells  near  the  shore,  thus  obtaining  benefit  of  ground 
infiltration  as  well  as  of  such  water  as  might  otherwise  be  obtained 
from  the  wells.  The  question  of  the  installation  of  filter  beds  and 
other  means  of  purification  were  likewise  considered,  but  the  time 
required  for  these  latter  schemes  appeared  to  make  them  im- 
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practicable,  and  as,  in  the  experimental  wells  sunk,  much  rock, 
bowlders,  etc.,  were  encountered,  it  was  finally  decided  to  abandon 
further  consideration  of  this  source. 

The  waters  in  Pine  Hill  Reservoir  being  unhesitatingly  approved 
by  the  State  Board  of  Health,  steps  were  taken  at  once  to  complete 
the  channel  in  the  upper  end  of  Kendall  Basin  so  as  to  permit 
of  the  flow  of  these  waters  to  Tatnuck  Brook.  As  the  water  could 
not  be  turned  directly  into  Kendall  Basin  from  the  canal  without 
flooding  the  construction  work  then  in  progress  along  the  lines  of 
the  permanent  plans,  and  as  it  also  could  not  be  held  in  the  basin, 
with  the  old  outlet  dam  removed  and  the  new  one  not  built,  with- 
out considerable  cofferdam  work,  it  was  decided  by  the  city  engi- 
neer, with  the  approval  of  the  mayor,  to  build  a  wooden  flume  or 
sluiceway,  following  somewhat  the  contour,  of  the  basin,  from  the 
southerly  end  of  the  canal  from  Asnebumskit  Brook  to  a  point 
where  the  conduit  from  Tatnuck  could  receive  the  water  and  keep 
it  confined  within  its  banks,  a  distance  of  about  4  700  ft.  Ac- 
cordingly a  contract  was  negotiated  by  the  mayor  on  July  20, 
immediately  after  returning  from  the  conference  with  the  State 
Board  of  Health  in  Boston,  for  building  the  same.  The  sluiceway 
as  designed  had  a  safe  carrying  capacity  of  upwards  of  8  000- 
000  gal.  per  day.  This  work  was  finished  August  1,  and  on  that 
day  water  from  Pine  Hill  Reservoir  was  first  let  into  Worcester's 
water  system. 

An  examination  of  the  ground  and  a  report  thereon  by  Prof. 
W.  O.  Crosby,  geologist  of  the  Massachusetts  Institute  of  Tech- 
nology, encouraged  the  city  in  the  belief  that  water  could  be  ob- 
tained from  the  basin  of  Kendall  Reservoir  by  means  of  wells, 
and  some  sixty  shallow  wells  of  2^  in.  pipe  were  driven  in  the 
bottom  of  this  basin.  These  wells  ranged  from  24  to  32  ft.  in 
depth,  penetrating  a  coarse  sand  in  nearly  all  instances.  Two 
gasolene  pumping  engines  were  obtained,  the  wells  connected  up 
to  these,  and  the  water  so  obtained  pumped  into  the  same 
sluice  which  carried  the  waters  from  Pine  Hill  Reservoir.  Pumping 
from  these  wells  continued  until  about  the  first  of  October,  when, 
a  vacuum  of  from  22  to  24  in.  being  required  to  raise  the  water, 
pumping  ceased  and  this  source  was  abandoned. 

When  Mr.  Allen  assumed  charge  of  the  emergency  work  the 
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sluiceway  had  been  built  and  the  city  coinmitted  to  the  driving 
of  the  wells  in  Kendall  Basin.  Believing  as  he  did  that  with  all 
the  water  then  in  sight,  including  the  119  000  000  gal.  in  Pine 
Hill  Reservoir,  such  reserve  as  could  be  obtained  from  Asnebum- 
skit  Brook  and  Pond  above  Pine  Hill  and  with  what  could  be 
pumped  from  these  wells,  it  all  was  likely  to  be  exhausted  before 
the  Metropolitan  supply  could  be  made  available,  he  further  rec- 
ommended to  the  mayor  and  through  him  to  the  City^  Council 
at  its  meeting  on  August  14,  that  authority  to  take  the  waters  of 
Eagleville  Pond  be  given,  —  this  having  an  available  estimated 
quantity  in  storage  of  about  240  000  000  gal., — that  pimiping 
machinery  be  erected  and  a  pipe  line  laid  from  this  pond  to  the 
lower  end  of  the  canal  on  Dodd's  Road,  so  called,  where  the 
wooden  sluiceway  joins  this  canal,  to  enable  this  pond  water  to 
be  pumped  into  the  flume.  An  appropriation  of  $21  000  was  asked 
for  this  purpose,  which  was  voted  and  the  authorization  to  take 
the  waters  granted- 

Thus,  on  August  14,  only  five  days  after  his  appointment, 
appropriations  had  been  made,  based  upon  plans  and  estimates 
worked  out  in  that  time  by  Mr.  Allen  with  the  writer's  assistance, 
and  the  work  ordered  forward.  It  may  at  this  time  be  pertinent 
to  say  that  the  Metropolitan  job,  so  called,  which  of  course  was 
the  important  one,  estimated  to  cost  $153  000,  actually  did  cost 
$153  626.29,  as  shown  by  the  city  auditor  in  his  annual  report  to 
the  City  Council  at  the  close  of  1911,  being  within  about  four 
tenths  of  one  per  cent,  of  the  estimate.  This  is  mentioned  only 
to  emphasize  the  fact  that  although  the  time  was  extremely  limited, 
the  work  was  carefully  planned,  estimated,  and  then  constructed 
in  fairly  good  accord  with  such  plans.  It  is  further  pertinent  to 
state  that  while  the  general  scheme  was  well  in  hand  and  inquiries 
had  been  made  as  to  where  and  how  soon  some  of  the  machinery, 
pipes,  etc.,  could  be  obtained,  none  had  been  purchased  nor  con- 
tracts let  at  the  time  the  appropriations  were  made  and  the  final 
order  given  by  the  City  Council  to  proceed  with  the  work. 

The  Eagleville  Pond  supply  was  placed  under  the  immediate 
charge  of  Mr.  Samuel  H.  Pitcher,  M.  Am.  Soc.  C.  E.,  formerly 
of  the  city  engineer's  office  of  Worcester,  and  a  member  of  this 
Association.    Three  pumps,  obtained  from  stock  on  hand  of  the 
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Deane  Steam  Pump  Company,  of  Holyoke,  Mass.,  were  erected 
in  an  old  power  hou^e  of  the  Worcester  Consolidated  Street  Rail- 
way Company,  which  was  advantageously  situated  upon  the  shore 
of  this  pond.  The  Railway  Company  also  had  a  couple  of  boilers 
at  their  Millbury  power  house,  not  then  in  use,  which  were  of 
suitable  size  for  this  work,  which  they  loaned  to  the  city.  These 
were  erected  in  this  power  house,  and  thus  at  comparatively 
small  expense  a  temporary  pumping  plant  was  installed.  The 
pumping  head  including  friction  with  all  three  pumps  running 
was  about  120  ft.,  the  capacity  being  about  4  500  000  gal.  per  day. 

A  12-in.  force  main  wa6  laid,  about  4  900  ft.  long,  from  this  power 
house  to  the  sluiceway  as  above  described,  about  a  third  of  the 
way  being  across  private  property  and  the  remainder  of  the  dis- 
tance in  Dodd's  Road,  so  called.  The  larger  part  of  this  pipe  was 
from  the  stock  of  the  Worcester  Water  Department,  supplemented 
by  some  found  on  hand  at  one  of  the  foundries  from  which  quick 
delivery  was  had.  Several  contractors  were  asked  to  submit 
bids  for  laying  this  pipe,  two  being  received;  but  as  the  lowest 
of  these  was  for  $1.50  per  ft.,  both  were  rejected  and  the  Water 
Department  laid  it  with  their  own  force  and  at  a  cost  of  a  fraction 
under  fifty  cents  per  foot.  The  entire  work  was  completed  and 
pumping  began  on  September  27,  twenty  days  after  actual  work 
was  started  on  this  job.  The  total  cost  of  the  Eagleville  Pond 
supply,  as  given  by  the  city  auditor  in  his  annual  report,  was 
$18  044.22,  —  $2  955.78  under  the  estimate. 

From  the  moment  of  the  passage  of  the  necessary  orders  by  the 
City  Council  on  August  14,  work  proceeded  as  rapidly  as  possible 
upon  the  principal  emergency  job,  known  as  the  Metropolitan 
supply.  While  the  matter  had  been  discussed  with  them  before 
the  first  of  August  by  the  mayor,  and  it  was  tacitly  understood 
that  permission  would  be  granted  by  the  Massachusetts  Water 
and  Sewerage  Board  to  take  water  from  Wachusett  Reservoir, 
formal  permission  was  not  granted  until  August  28.  Work,  how- 
ever, was  not  delayed  oh  this  account. 

Within  about  1  500  ft.  of  the  selected  location  for  the  pumping 
station  upon  the  shore  of  Wachusett  Reservoir,  and  crossing  the 
proposed  pipe  line  were  the  high-tension  lines  of  the  Connecticut 
River  Transmission  Company,  carrying    electric  current  under 


126  HANDLING   OF   WATER  EMERGENCY,    WORCESTER,    MASS. 

65  000  volts  pressure.  This  was  one  of  the  controlling  factors 
determining  the  use  of  electrical  machinery  to  operate  the  power 
station,  —  other  considerations  being  the  lesser  cost  of  first  in- 
stallation as  compared  with  steam  pumping  engines,  boilers,  etc., 
smaller  and  consequently  less  expensive  buildings  and  foundations, 
quicker  delivery  of  machinery  and  more  cleanliness  in  operation, 
—  this  latter  factor  being  important  particularly  to  the  Metro- 
politan Water  Board,  owing  to  the  location  of  the  plant.  Cost  of 
operation  by  electrical  power  was  not  analyzed  for  this  particular 
job,  but  was  considered  to  be  at  least  as  cheap  as  steam  power, 
owing  to  the  distance  coal  would  have  to  be  hauled  and  the  lesser 
amount  of  labor  required  to  operate  an  electrically  driven  station 
than  would  be  the  case  with  a  steam  plant  of  the  required  capacity, 
which  was  about  1  500  horse  power  when  pumping  at  a  ten-million- 
gallon  rate  against  a  pumping  head  of  550  ft.,  these  being  the  con- 
ditions to  be  met. 

On  August  15,  the  day  following  the  authorization  of  the  work, 
a  contract  was  closed  with  the  Alberger  Pump  Company  of  New 
York  for  3  two-million-gallon,  4-stage  turbine  pumps,  guaranteed 
to  operate  at  this  capacity  against  the  full  head  of  550  ft.  Ship- 
ment was  promised  of  the  first  unit  September  5,  the  second  on 
September  9,  and  the  third  September  12,  —  all  with  a  forfeiture 
and  bonus  clause.  The  average  date  of  actual  shipment  was  the 
exact  contract  date.  The  Alberger  Pump  Company  also  gave 
the  city  options  on  two  additional  pumps  of  the  same  type  and  at 
the  same  price,  with  a  delivery  of  four  weeks  after  receipt  of  order. 
Taking  some  chances  on  weather  conditions,  it  was  decided  not 
to  order  these  additional  pumps  until  later,  but  this  was  the 
only  departure  from  the  full  10  000  000  gal.  capacity  required,  in 
the  machinery,  pipes,  etc. 

On  August  15  contract  was  entered  into  with  the  Connecticut 
River  Transmission  Company  for  power  to  the  maximum  demand 
of  800  k.w.  with  options  under  certain  conditions  to  increase  it  to 
1  300  k.w.,  this  to  be  delivered  at  the  pumping  station  in  the  form 
of  3-phase,  60-cycle,  13  200-volts  alternating  current.  As  the 
actual  quantity  of  current  desired  was  largely  dependent  upon 
weather  conditions,  no  minimum  rate  or  consumption  was  guar- 
anteed, but  in  lieu  of  a  minimum,  the  city  agreed  to  pay  for  certain 
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additional  construction  required  to  be  done  by  the  Connecticut 
River  Company  to  carry  out  this  contract,  such  to  remain  its 
property.  The  city  also  paid  all  costs  of  bringing  the  power  from 
the  company's  lines  to  the  pumping  station. 

On  August  23  a  contract  was  entered  into  with  the  General 
Electric  Company  to  furnish  the  electrical  outfit,  consisting  of 
5  250-h.p.  motors,  with  starting  devices  complete;  3  210-k.w. 
air-blast  transformers;  2  blowers;  9  100-k.w.  'oil-cooled  trans- 
formers; 1  lightning  arrester  equipment;  1  feeder  and  5  motor 
switchboard  panels.  This  material  was  to  be  shipped  at  varying 
intervals  ranging  from  ten  days  to  four  weeks,  except  in  the  case 
of  1  blower  requiring  six  weeks,  1  motor  eight  weeks,  and  the  9 
100-k.w.  transformers,  ten  weeks  for  delivery.  All  of  this  material 
was  shipped  and  received  as  contracted  for.  To  provide  for 
transformers,  —  the  only  part  of  this  apparatus  that  might  cause 
delay,  —  an  arrangement  was  entered  into  by  the  Connecticut 
River  Transmission  Company  with  Crocker,  Burbank  &  Co.,  of 
Fitchburg,  Mass.,  for  the  use  by  the  city,  for  two  months,  of 
three  large  transformers  they  had,  suitable  for  this  work,  thus 
tiding  the  city  over  the  delay  incident  to  receiving  its  own. 

On  August  24  a  contract  was  signed  with  the  Stone  &  Webster 
Engineering  Corporation,  to  erect  and  install  the  pumping  machin- 
ery complete,  including  the  building,  suction  pipes,  intake  chamber 
and  screens,  and  all  discharge  connections  to  the  outside  of  the 
building.  This  covered  also  the  preparation  of  the  plans  of  the 
electrical  installation  and  the  inspection,  etc.,  of  the  machinery 
furnished,  all  subject  to  Mr.  Allen's  general  supervision.  Under 
this  contract  ground  was  broken  on  September  12  at  the  pumping 
station,  and  on  October  22,  forty  days  thereafter,  water  was  being 
pumped  with  everything  in  complete  working  order. 

Coming  now  to  the  pipe  line,  on  August  16,  a  contract  was 
entered  into  with  F.  A.  Houdlette  &  Son,  Inc.,  of  Boston,  to  fur- 
nish all  cast-iron  pipe  and  special  castings  required,  including  all 
flanged  work  at  the  pumping  station.  This  contract  called  for 
12  600  ft.  of  30-in.  pipe  of  classes  D,  F,  and  H  of  the  New  England 
Water  Works  Association  Standard  Specifications;  480  ft.  of 
24-in.  Class  D  pipe;  and  1  500  ft.  of  12-in.  pipe  of  Classes  C  and 
H.    Shipment  was  to  commence  August  19,  and  to  average  1  200 
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ft.  per  day  until  the  entire  quantity  was  shipped.  It  should  be 
borne  in  mind  that  all  this  pipe  had  yet  to  be  cast  except  about 
173  lengths  already  on  hand,  which  the  city  agreed  to  accept.  The 
specials  and  fianged  work  were  to  be  shipped  within  three  and  four 
weeks  after  receipt  of  specifications.  The  first  shipment  of  pipe 
was  made  on  August  17,  one  day  after  signing  the  contract,  and 
the  last  shipment  (except  two  cars  shipped  September  14)  on 
September  8.  The  first  car  to  arrive  at  Worcester  was  on  August 
31,  and  the  last  car  September  27.  Some  few  special  castings 
came  later  but  did  not  materially  delay  the  work. 

On  August  18,  contract  was  closed  with  the  Builders  Iron 
Foundry,  of  Providence,  R.  I.,  for  a  30-in.  Venturi  meter,  with 
10-in.  throat,  together  with  a  combined  register-indicator-recorder, 
all  to  be  delivered  within  four  weeks.  This  meter  was  necessitated 
by  the  agreement  with  the  Metropolitan  Water  and  Sewerage 
Board,  which  required  payment  for  all  water  taken  by  the  milUon 
gallons.  This  meter  arrived  in  Worcester  two  days  ahead  of 
schedule  time.  When  setting  the  Venturi  tube,  it  was  discovered 
that  the  two  sections  on  the  outlet  end  were  defective.  This 
discovery  was  made  just  as  they  were  about  to  be  placed  in  the 
pipe  line  one  Wednesday  afternoon,  at  about  three  o^clock.  By 
the  use  of  the  telephone,  supplemented  by  a  trip  of  the  writer  to 
Providence  that  night  and  a  personal  conference  with  the  officials 
of  the  foundry,  these  two  specially  designed  castings,  for  which 
patterns  had  to  be  made,  were  put  through  and  delivered  to  a 
motor  truck  on  the  following  Saturday  evening  and  delivered  on 
the  work  on  Sunday  morning,  being  set  in  place  that  same  day. 

This  was  only  one  of  the  numerous  uses  made  of  auto  trucks  as 
well  as  of  automobiles  in  the  prosecution  of  this  work.  The 
automobile  used  by  the  engineers  had  a  record  of  over  3  600  miles 
in  a  httle  under  ten  weeks'  use,  frequently  being  employed  from 
twelve  to  fifteen  hours  of  the  day.  Its  use  undoubtedly  more  than 
doubled  their  radius  of  action,  and  to-day  this  means  of  locomotion 
is  well-nigh  indispensable  under  modern  construction  methods. 

On  August  21,  a  contract  was  closed  with  the  Chapman  Valve 
Company  for  3  30-in.,  1  24-in.,  3  12-in.  flanged,  and  5  6-in.  blow- 
off  gates,  all  to  be  delivered  within  three  weeks,  which  contract 
likewise  was  fulfilled  on  time. 


KIMBALL.  129 

On  August  19  a  contract  was  made  with  the  Ludlow  Valve 
Company  for  1  30-in.  swing-fiap  check  valve;  3  12-in.  extra  heavy 
check  valves  for  working  pressure  of  240  lb.,  and  3  12-in.  foot 
valves  for  the  suction  pipes,  also  to  be  deUvered  within  three 
weeks.  On  August  22  a  contract  was  closed  with  the  same  com- 
pany for  1  30-in.  check  valve,  to  be  built  for  a  working  pressure 
of  230  lb.,  to  be  delivered  in  as  much  under  six  weeks  as  possible. 
In  connection  with  this  check  valve,  which  weighed  13  900  lb., 
was  another  of  the  quick  movements  of  the  job.  All  of  tne  pipe 
and  most  of  the  other  carloads  of  freight  had  come  over  the  Boston 
&  Maine  Railroad,  and  several  times  delays  had  occurred  which 
had  caused  the  question  of  deUveries  to  be  taken*  up  direct  with 
the  superintendent  of  that  division  of  the  railroad.  About  a  week 
before  this  check  valve  was  ready  to  ship,  acting  upon  information 
from  the  factory,  we  notified  the  superintendent  that  it  would  be 
delivered  to  his  road  at  Troy,  N.  Y.,  on  Saturday  afternoon, 
September  30,  and  that  it  was  wanted  as  quickly  as  he  could  get 
it  to  us.  It  was  loaded  at  Troy  that  Saturday  at  about  3  p.m. 
and  at  six  o'clock  on  Sunday  morning  it  was  in  the  Worcester 
freight  yard.  While  this  was  the  quickest  freight  delivery  on  this 
job,  —  possibly  it  is  safe  to  say  on  any  other  as  well.  —  still  it  was 
only  one  of  many  acts  which  contributed  to  hurry  forward  the 
work,  not  alone  on  the  part  of  the  railroads  but  of  all  others  con- 
nected with  the  job. 

On  August  15,  specifications  having  been  prepared,  proposals 
were  invited  for  teaming  and  laying  the  pipe  and  appurtenances. 
While  these  were  not  advertised  owing  to  lack  of  time,  six  parties 
thought  to  be  equipped  to  handle  this  work  were  asked  to  bid. 
From  these  four  bids  were  received  and  opened  on  August  18. 
These  ranged  in  amoimt  from  that  of  E.  D.  Ward,  of  Worcester, 
who  was  the  lowest  bidder  and  to  whom  the  contract  was  awarded, 
at  $34  605,  to  the  highest  bid  of  $52  350.  Mr.  Ward,  while  a 
contractor  of  large  experience  in  building  work,  excavations,  etc., 
had  never  laid  any  pipe,  and  for  this  reason  alone  there  was  some 
question  as  to  his  ability  to  carry  forward  the  work  in  the  time 
allowed  for  it.  However,  it  w^as  finally  decided  to  award  the  con- 
tract to  him,  largely,  perhaps,  because  —  from  the  nearness  in 
price  of  all  the  other  bidders  as  well  as  the  amount  of  their  bids, 
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nearly  fifty  per  cent,  above  the  engineer's  estimates  —  it  looked 
as  though  there  might  he  a  combination  among  them.  At  the 
close  of  the  work,  whatever  may  have  been  the  opinion  at  the  start, 
there  was  no  question  but  that  this  contract  had  been  wisely 
awarded. 

This  contract  required  the  work  of  laying  pipe  to  begin  within 
forty-eight  hours  after  the  nrst  carload  arrived  in  Worcester,  and 
to  average  laying  complete  nine  hundred  feet  per  day.  The 
contractor  did  not  keep  up  with  this  schedule,  as  rainy  weather 
interfered  with  the  work  soon  after  he  was  well  started.  In  this 
case,  as  each  day's  rain  gave  Worcester  from  two  to  four  days 
additional  water  supply,  such  causes  of  delays  were  blessings 
than  otherwise.  Had  the  weather  been  as  dry  in  September  as 
it  was  in  June  and  July,  this  work,  finished  as  it  was  in  record 
time,  could  have  been  done  in  at  least  two  weeks  less  time.  With 
a  rainfall  in  August  of  5.15  in.;  in  September,  4.10  in.;  and  in 
October  of  5.48  in.,  it  seemed  as  though  as  soon  as  the  city  was 
tied  up  in  contracts  and  the  work  under  way,  rain  was  almost 
interminable. 

Mr.  Ward  broke  ground  August  28,  and  laid  the  last  piece  of 
pipe  October  16.  October  17  to  19  were  employed  in  filling  the 
pipe  line,  when  a  cracked  pipe  developed.  This  was  replaced  and 
proved  to  be  the  only  defect  in  the  entire  work.  The  line  was 
completely  filled  by  the  21st;  miachiner>^  and  pipes  were  tested 
out  by  the  pumps  on  the  22d;  and  on  the  24th  of  October,  in  the 
presence  of  the  mayor,  members  of  the  City  Council,  and  others 
interested  in  the  work,  the  pumps  were  officially  started  by  Mr. 
Frederick  H.  Lucke,  chairman  of  the  water  committee  of  the  City 
Council.  It  was  found  that  by  running  one  pumping  unit,  a 
capacity  of  about  3  000  000  gal.  was  obtained;  with  two  units, 
about  5  000  000  gal.,  and  with  the  three  units,  about  6  500  000  gal., 
thus  somewhat  exceeding  the  requirements.  Quite  likely  had  all 
five  of  the  units  contemplated  been  erected  and  operated  at  the 
same  time,  the  additional  friction  head  would  have  reduced  the 
output  to  about  the  2  000  000  gal.  average  for  which  they  were 
guaranteed.  The  observed  pressures  when  operating  were  re- 
spectively, 187,  204,  and  218  lb.,  with  one,  two,  and  three  units 
running. 
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Thus,  in  two  months  and  ten  days  after  the  City  Council  made 
•the  appropriations  for  this  work,  it  was  in  excellent  running  order. 
As  before  stated,  had  weather  conditions  been  favorable  and  thus 
required  it  to  have  been  done,  the  time  could  have  been  shortened 
to  somewhat  under  sixty  days.  As  it  is,  when  the  capacity  and 
weight  of  the  work  is  considered,  it  is  perhaps  a  safe  assertion  to 
make  that  it  was  one  of  the  quickest  jobs  on  record,  if  in  fact  it 
did  not  break  all  records.  Every  one  took  an  interest  not  only  in 
the  work  itself  but  in  attempting  to  make  it  a  record  job,  and  its 
success  is  largely  due  to  the  lack  of  friction  of  any  kind  between  the 
engineers  and  contractors.  No  hair-splitting  questions  were 
raised  on  either  side,  and  whenever  difficulties  presented  them- 
selves they  were  solved  with  the  one  idea  of  good  work  and  ex- 
pedition, while  the  question  whether  or  not  it  would  add  to  or 
take  away  from  the  profits  of  any  particular  contract  was  not 
considered  or  thought  of.  This  job  also  is  a  good  illustration  of 
what  can  be  accompUshed  when  construction  work  is  unreservedly 
placed  in  the  hands  of  engineers  unhampered  by  outside  considera- 
tions. Civil  service  rules  and  city  ordinances  regulating  the  em- 
plojrment  of  labor  or  the  letting  of  contracts  were  suspended  for 
this  work,  and  Mr.  Allen  was  given  free  rein  to  proceed  as  he  choose ; 
in  fact,  it  was  only  upon  these  conditions  that  he  accepted  charge 
of  the  work.  Mayor  Logan  also  fully  supported  him  in  all  ques- 
tions arising,  thus  materially  assisting  in  preserving  a  full  degree 
of  harmony  during  the  progress  of  this  and  other  portions  of  the 
emergency  work. 

Thete  were  only  a  few  engineering  problems  of  moment  con- 
nected with  this  work,  and  these  hardly  worthy  of  mention.  The 
use  of  centrifugal  pumps,  belt  connected  to  electrical  motors  and 
operated  under  the  extreme  head  it  was  here  subjected  to,  is 
certainly  unusual  in  water-works  practice,  yet  in  this  case  it 
seemed  to  be  a  satisfactory  combination.  In  ordering  the  pipe, 
knowing  from  experience  that  in  pipe  of  this  diameter  more  or 
less  of  it  was  certain  to  be  cast  eccentric  as  to  thickness  of  shell, 
and  further  realizing  that  rejections  must  be  limited  to  the  least 
quantity  consistent  with  obtaining  satisfactory  results  on  account 
of  the  limitations  in  time,  the  pipe  was  specified  about  one  class 
heavier  than  othierwise  might  have  been  used.     Even  then  care 
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was  taken  in  sorting  out  all  pipe  as  it  arrived  and  distributing 
it  in  accordance  with  its  actual  thickness  of  shell  on  the  thinnest, 
side,  rather  than  by  its  normal  class  or  weight.  With  an  eleva- 
tion of  the  pipe  line  at  the  reservoir  of  about  380  and  of  about 
692  where  it  crosses  the  divide  between  the  Nashua  and  Black- 
stone  watersheds,  there  was  suflScient  range  of  pressures  to  care 
for  about  all  the  varying  thicknesses  of  pipe  that  arrived.  While 
this  method  is  not  economical  in  ordinary  work,  its  adoption  here 
saved  considerable  time  on  this  job. 

Two  30-in.  check  valves  were  used  on  this  line,  —  one  at  Siunmit 
to  avoid  emptying  Worcester's  piping  system  in  case  of  a  break 
in  the  30-in.  line,  and  another  near  the  pumping  station  to 
guard  against  a  serious  washout  in  case  of  accident  to  the  pumps 
or  to  the  pipes  within  the  building.  This  latter  check  valve  was 
set  only  about  26  ft.  from  a  45-degree  bend  where  the  pipe  changes 
its  horizontal  direction  so  as  to  approach  the  pump  house.  To 
properly  anchor  this  check  as  well  as  the  pipe  line  itself  at  the  foot 
of  a  rather  steep  hill,  and  to  take  the  thrust  of  any  water  hammer 
off  the  bends,  the  pumps,  and  the  discharge  header  within  the 
pump  house,  a  steel  grillage  or  framework  was  designed  and  built 
by  the  Eastern  Bridge  and  Structural  Company,  of  Worcester. 
This  framework  was  about  18  ft.  long  and  was  set  at  right  angles 
with  the  pipe  line,  being  about  2  ft.  10  in.  wide  along  the  line  of 
the  pipe.  It  consisted  of  two  girders,  one  above  and  one  below 
the  pipe,  connected  together  by  an  octagonal  grouping  of  I-beams 
so  spaced  that,  with  an  opening  just  large  enough  for  the  barrel 
of  the  pipe  to  pass  through,  it  engaged  the  bell  of  the  check  valve 
in  nearly  all  of  its  circumference.  This  framework  was  solidly 
jacked  against  the  face  of  the  bell  of  the  check  and  the  whole 
firmly  anchored  in  place  by  mass  concrete.  The  pressure  against 
this  check,  when  pumping  at  the  rate  of  10  000  000  gal.  per  day 
was  assumed  to  be  about  75  tons,  and,  to  allow  for  water  hanmier 
due  to  a  sudden  interruption  of  the  power,  the  stoppage  of  the 
pumps,  the  blowing  off  of  a  bend  or  from  any  other  reason,  the 
anchorage  was  designed  to  withstand  four  times  that  pressure, 
or  300  tons. 

All  bends,  both  horizontal  and  vertical,  were  thoroughly  sup- 
ported and  embedded  in  concrete,  those  at  and  near  the  pumping 
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station  being  tied  together  with  clamps,  rods,  and  collars,  propor- 
tioned to  take  about  double  the  strain  due  to  the  full  pumping 
head. 

The  Boston  &  Maine  Railroad  was  crossed  twice  underneath, 
and,  owing  to  its  requirements  as  to  cover,  it  was  necessary  to  go 
to  a  depth  of  about  8  ft.  to  the  bottom  of  the  pipe,  under  their 
tracks.  This  in  one  place,  owing  to  steep  banks  on  the  side  of 
their  right-of-way,  required  a  cutting  of  upwards  of  thirteen  feet. 
In  both  crossings,  water  was  encountered,  and  in  the  deeper  one 
a  rather  quick-running  sand  gave  the  contractor  considerable 
trouble.  No  interruption  of  trains  was  allowed,  and  the  work  was 
carried  forward  to  the  satisfaction  of  all  concerned. 

This  article  would  not  be  complete  without  mention  of  the 
work  done  by  the  water  department  of  the  city  while  this  job  was 
under  way.  To  enable  the  city  to  avail  itself  of  this  supply, 
numerous  changes  in  and  additions  to  the  pipe  lines  in  the  city 
between  Summit  and  Lincoln  Square  had  to  be  made,  and  while 
these  were  all  in  harmony  with  the  well-designed  piping  plan  of 
the  city,  except  for  this  purpose  all  these  changes  would  not 
have  been  made  for  a  year  or  two  at  least.  Between  August  14 
and  October  21,  the  water  department  with  their  own  forces  laid 
about  12  860  ft.  of  16-,  20-,  and  24-in.  pipe  for  street  mains, 
practically  the  same  quantity  in  length  as  was  laid  under  Mr. 
Allen's  direction  from  Wachusett  Reservoir  to  Summit;  this  in 
addition  to  that  laid  by  them  on  the  Eagleville  Pond  line  and 
also  in  their  regular  work,  which  was  not  materially  interfered  with. 
While  this  in  itself  would  be  something  of  a  stunt  for  most*  of  us, 
still  those  who  know  the  capacity  for  work  of  our  President  can 
easily  understand  that  with  him  it  was  simply  good  exercise. 
He  also  was  of  great  assistance  at  all  times  to  the  various  con- 
tractors as  well  as  to  the  engineers,  and  never  was  so  busy  that 
he  could  not  find  time  to  help  them  out  of  their  difficulties.  To 
him  is  due  the  credit  for  a  large  measure  of  the  success  of  the 
enterprise. 

The  pipe  line  work  was  under  the  immetiiate  charge  of  Mr. 
Arthur  E.  Tucker,  of  the  city  engineer's  office,  who  also  by  his 
handling  of  the  work,  particularly  with  a  contractor  new  to  pipe 
lajang,  is  deserving  of  much  credit. 
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The  city  as  well  as  the  engineers  feel  under  great  obligations  to 
the  Stone  &  Webster  Engineering  Corporation  for  options  on 
machinery,  pipe,  etc.,  which  they  turned  over  to  the  city  without 
cost,  and  also  for  their  assistance  in  every  way  possible  in  the 
carrying  out  of  the  work. 

Owing  to  the*  heavy  rains  which  prevailed  during  October,  it 
was  not  necessary  to  use  the  supply  from  the  Metropolitan  source 
to  any  extent,  and  after  it  had  been  thoroughly  tried  out,  pumping 
about  60  000  000  gal.  into  Worcester's  system,  it  was  shut  down 
and  now  remains  in  place,  awaiting  such  other  uses  as  it  may  be 
put  to.  In  his  address  to  the  City  Council  at  the  close  of  his  term 
of  office,  on  December  27»  1911,  Mayor  Logan  among  other  things 
said: 

*'  I  now  offer  the  suggestion  that  this  pipe  line  be  not  taken  up, 
but  that  the  pumping  plant  and  pipe  line  be  kept  intact  and  ready 
for  ase  as  an  insurance  in  case  of  necessity  to  strengthen  the  high- 
service  system.  If  this  is  not  done,  the  city  must  begin  at  once  to 
consider  other  sources  of  supply  to  strengthen  the  high-service 
system,  which  means  a  large  expenditure  of  money.  If  an  arrange- 
ment can  be  entered  into  with  the  Metropolitan  Water  Board  to 
allow  this  pimiping  plant  to  remain,  the  city  of  Worcester  may  not 
be  obliged  to  add  to  its  high  service  for  many  years  to  come,  and 
the  interest  on  present  investment  for  an  emergency  supply  will 
be  as  nothing  compared  to  the  interest  charges  which  the  city 
must  provide  for  if  obliged  to  build  additional  reservoirs  and 
construct  pipe  lines  to  connect  with  our  present  high-service 
system." 

It  may  thus  happen  that  the  full  value  of  the  work  will  be 
repaid  to  the  city,  even  though  it  has  not  yet  been  necessary  to 
utilize  it  to  any  considerable  extent. 

Nevertheless,  based  simply  upon  its  proposed  and  intended  use, 
it  can  hardly  be  said  that  the  work  was  otherwise  unnecessary, 
as  the  conditions  in  August  and  earlier  demonstrated  the  need  of 
just  such  insurance.  The  records  at  Lynde  Brook  showed,  from 
January  1  to  July  1,  1911,  a  rainfall  of  only  15.19  in.; — lower 
than  during  any  corresponding  period  for  years.  Further,  it  may 
be  interesting,  as  showing  what  would  have  happened  to  Worcester 
had  none  of  the  emergency  supplies  as  furnished  been  availed 
of,  to  call  attention  to  the  quantities  so  yielded  to  the  close  of 
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October,  when  the  rains  made  further  contributions  from  outside 
sources  unnecessary.    These  quantities  were: 

From  Pine  Hill  Reservoir  and  Asnebumskit  Brook 585  000  000  gal. 

From  wells  in  Kendall  Basin 60000000 

From  Eagleville  Pond 62  000  000 


A  total  of 707  000  000  gal. 

On  October  15  the  Worcester  reservoirs  had 

In  the  two  Tatnuck  reservoirs 120  000  000  gal. 

In  the  four  Kettle  Brook  reservoirs 103  000  000 

In  the  Lynde  Reservoir 309000000 


A  total  of 532  000  000 


Being  less  by. . 175  000  000  gal. 

than  the  emergency  supplies  had  furnished. 

Had  the  months  of  September  and  October  been  as  dry  as  all 
indications  earlier  in  the  season  pointed  to,  Worcester's  reservoirs, 
in  spite  of  all  the  contributions  they  could  have  received,  would 
have  been  very  close  to  empty  when  the  Metropolitan  supply 
could  have  been  ready  for  use. 


DISCUSSION. 

The  President.  The  water  department  and  the  city  engineer's 
department  had  tried  for  many  years  to  get  an  appropriation 
suflScient  to  provide  this  new  water  supply,  but  the  progress  had 
been  very  slow.  It  was  hard  to  awaken  the  public  conscience  to 
the  necessity  of  increasing  the  supply,  so  long  as  water  continued 
to  run  from  the  faucets.  But  conditions  had  reached  such  a 
point,  during  the  fall  of  1910  and  the  winter  of  1911,  that  the 
speaker  was  unable  to  take  his  regular  morning  bath  with  any 
comfort.  Mr.  Kimball  came  to  Worcester  and  assured  me  that  I 
could  do  so,  but  while  I  believed  fully  in  him  I  did  not  do  it  until 
I  saw  that  something  was  doing  on  the  Metropolitan  System.  It 
took  a  long  time  to  get  a  start.  I  think  for  something  like 
seven  or  eight  years  we  had  been  tr>dng  to  get  an  appropriation. 
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and  I  doubt  very  much  if  the  work  would  have  been  carried  on  as 
far  as  it  has  at  the  present  time  if  it  had  not  been  for  the  shortage 
of  water  in  1911.  I  think  the  work  of  developing  the  emergency 
supply  was  done  in  remarkably  quick  time,  and  it  shows  how  men 
of  ability,  unhampered  by  Civil  Service  rules  and,  I  might  say, 
by  politics,  can  go  ahead,  when  sufficient  appropriations  are 
made,  and  prosecute  a  work.  We  are  maintaining  the  pumping 
plant  at  the  Wachuset  Reservoir  in  condition  for  operation,  and 
shall  do  so  probably  for  a  year  or  more,  until  we  have  more  fully 
developed  our  present  supply. 


^ 
■* 


138       REINFORCED  CONCRETE  IN  RESERVOIR  CONSTRUCTION, 


THE  ECONOMY  OF  CIRCULAR  REINFORCED  CONCRETE 

RESERVOIR  CONSTRUCTION. 

BY   ALEXANDER    POTTER,    C.    E. 

'  [Read  by  lUle,  February  U,  191g.] 

The  economy  in  constructing  service  reservoirs,  circular  in  shape, 
for  water-works  purposes  is  not,  in  the  opinion  of  the  writer, 
appreciated  as  fully  as  it  should  be.  The  circular  shape  for  small 
reservoirs  is  not  only  the  safest  type  of  construction  from  a  struc- 
tural standpoint,  but  permits  also  a  more  economical  use  of  the 
structural  materials.  Among  the  many  and,  unfortunately,  only 
too  frequent  failures  in  reinforced  concrete  construction,  it  is 
rare  to  note  failures  of  circular  reinforced  concrete  tanks,  other 
than  those  of  badly  leaking  tanks  due  to  either  poor  workmanship 
or  poor  design,  or  both. 

One  of  the  greatest  advantages  possessed  by  the  circular  section 
and  not  possessed  by  any  other  is  the  ability  to  increase  economi- 
cally the  capacity  of  such  a  reservoir  by  simply  increasing  its 
depth.  This  is  of  peat  importance  in  the  design  of  water-works 
improvements,  for  it  enables  the  designer  to  keep  down  the  first 
cost  of  construction  by  building  a  reservoir  of  a  size  sufficient  for 
the  immediate  needs.  As  the  water  consumption  increases,  it  is 
possible  to  increase  economically  the  capacity  of  the  reservoir, 
and  at  the  same  time  raise  the  water  level  to  counteract  the  in- 
creasing  frictional  losses  in  the  distribution  system  due  to  in- 
creased consumption. 

The  design  of  a  circular  reinforced  concrete  reservoir  appears 
to  be  so  very  simple  that  the  inexperienced  designer,  carried  away 
by  his  enthusiasm,  is  apt  to  create  a  structure  of  larger  diameter 
than  the  application  of  the  simple  formula  of  tank  design  wju^d 
seem  to  warrant.  To  him  there  appears  to  be  no  ostensible 
reason  why  a  structure  twice  the  size  of  one  already  built  should 
not  ofifer  every  evidence  of  strength  and  stability  if  designed  in 
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accordance  with  the  f ormiila  for  ring  tension, —  a  very  misleading 
deduction.  The  secondary  stresses,  which  in  small  structures  are 
insignificant,  and  consequently  deemed  of  too  Uttle  importance 
to  have  attention  called  to  them,  increase  rapidly  with  the  size 
of  the  structure,  and  only  too  often  limit  the  size  to  which  any 
particular  type  of  construction  can  be  adapted. 

In  a  circular  reinforced-concrete  tank,  the  writer  has  in  mind  the 
varying  tension  from  point  to  point  in  the  steel  reinforcement 
due  to  the  difficulty  of  obtaining  a  true  circle  in  the  field.  In  a 
small  tank,  this  is  not  so  serious,  as  its  effect  upon  the  resultant 
stresses  in  the  steel  reinforcement  is  so  slight.  To  make  this 
point  clear,  some  computations  have  been  made  by  the  writer 
based  on  the  assumption  that  in  the  construction  of  this  type, 
even  with  the  best  of  care  taken  in  the  field,  a  variation  of  a  half- 
inch  in  the  middle  ordinate  of  a  10-ft.  chord  is  likely  to  occur. 


Radius 

of 
Tank. 

Variation  in  Radius  of 

Curvature  due 

to  a  Variation  of  1/  2  in.  In 

Middle  Ordinate  oX  a 

10  Ft.  Chord. 

Corresponding  Range 

of  Tension  in 

Steel  Reinforcement.    Average 

Unit  Tension  equals 

14  OtO  Lb.  per  Sq.  In. 

Feet.                                        Feet. 

Pounds. 

25 

50 

100 

200 

23.0-  27.2 

42.8-  60.1 

74.9-150.5 

120.2-632.0 

12  860-16  200 

11  950-19  100 

5  910-21  100 

5  820-44  500 

This  table  is  not  made  to  accurately  show  the  variation  in  the 
tensile  stresses  of  the  steel  reinforcement  for  the  various  diameters 
given;  it  does,  however,  give  a  fair  idea  of  what  may  be  expected 
in  the  variation  of  the  ring  tension  in  a  circular  structure.  It 
XX)ints  out  the  danger  resulting  from  carelessness  in  constructing 
a  circular  reservoir  of  comparatively  thin  wall  section  more  than 
100  ft.  in  diameter.  For  reservoirs  of  large  diameter,  however, 
the  economy  resulting  from  the  use  of  a  circular  section  does  not 
obtain  to  the  same  extent,  and  consequently  recourse  to  this  type 
is  not  so  frequent. 
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The  writer's  experience  would  tend  to  limit  the  working  tension 
in  the  steel  reinforcement  to  14  000  lb.  per  sq.  in.  in  a  small  tank, 
and  to  12  000  lb.  per  sq.  in.  for  comparatively  large  tanks.  A 
reduction  in  the  allowable  steel  tension  for  large  tanks  is  recom- 
mended because  of  the  greater  range  in  the  ring  tension  present 
in  the  larger  structure.  It  may  even  be  advisable  to  reduce  the 
allowable  unit  stresses  below  12  000  lb.  per  sq.  in.  to  keep  the 
excessive  local  stresses  which  cannot  be  avoided  within  safe  limits. 

The  variation  in  the  tension  of  the  steel  reinforcement  from 
point  to  point,  due  to  the  varying  curvature  of  the  shell,  makes 
the  use  of  a  reinforcing  bar  with  mechanical  bond  advisable.  The 
reinforcing  bars  for  this  reason  should  also  be  of  as  small  a  size  as 
it  is  possible  to  handle  economically  in  the  field. 

A  high  carbon  steel  with  an  elastic  limit  of -50  000  lb.  per  sq.  in. 
can  be  used  to  great  advantage. 

Another  difficulty  to  be  considered  in  the  design  of  a  circular 
reservoir  is  the  tendency  to  rupture  along  the  line  between  the 
inside  wall  of  the  reservoir  and  the  base,  due  to  the  expansion  of 
the  walls  by  internal  water  pressure  and  the  consequent  drawing 
away,  as  it  were,  from  the  base  of  the  tank. 

A  good  example  of  increasing  the  capacity  of  a  circular  reservoir 
is  the  enlargement  of  the  distribution  reservoir  for  the  village  of 
Suffern,  N.  Y.  This  village  takes  its  water  supply  from  Anthrim 
Lake,  formed  by  impounding  a  branch  of  the  Ramapo  River. 
The  water  is  pumped  frpm  this  lake  to  a  distribution  reservoir 
located  on  the  side  of  a  mountain  to  the  north  of  the  village,  about 
180  ft.  above  the  average  village  datum.  This  distribution 
reservoir,  built  a  number  of  years  ago,  is  a  circular  tank  70  ft.  in 
diameter  and  10.5  ft.  deep,  sunk  entirely  into  the  groimd.  The 
walls  forming  the  sides  of  the  tank  are  2  ft.  thick,  and  both  bottom 
and  sides  are  constructed  of  plain  concrete.  This  reservoir  had 
a  storage  capacity  of  266  000  gal.,  and  cost  approximately  $4  000. 

The  recent  growth  of  the  village  has  made  it  advisable  to  double 
the  capacity  of  this  distribution  reservoir.  The  old  structure, 
although  massive,  nevertheless  leaked  to  a  considerable  extent, 
especially  in  the  bottom.  It  was,  therefore,  decided  to  line  the 
bottom  of  the  tank  at  the  same  time  that  the  sides  were  being 
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Fig.  7. 
Resebvoib  at  Suffebk,  X.  T. 
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raised.  The  reservoir  as  remodeled  has  an  inside  diameter  of  69  ft. 
and  holds  approximately  20  ft.  of  water,  giving  a  storage  of  559  000 
gal.  The  side  walls  of  the  old  tank  are  lined  on  the  inside  with 
6  in.  of  reinforced  concrete.  Above  the  old  work,  the  width  of  the 
new  work  is  12  in.,  tapering  to  8  in.  at  the  top.    (Rg.  7,) 

The  circumferential  reinforcement  consists  of  f-in.  square  cor- 
rugated  bars,  possessing  an  elastic  limit  of  50  000  lb.  per  sq.  in. 
These  bars  are  so  spaced  that  the  average  unit  tensile  stress  in 
them  does  not  exceed  14  000  lb.  per  sq.  in. 

In  designing  the  lining  for  the  old  reservoir,  it  was  assumed  that 
the  reinforcement  would  only  have  to  take  care  of  the  increased 
tension  due  to  the  additional  depth  of  10.5  ft.  This  is  a  constant 
quantity  with  a  full  reservoir;  consequently  the  spacing  and  size 
of  the  steel  in  the  lining  of  the  old  reservoir  is  uniform.  The 
existing  wall  is  still  relied  upon  to  resist  the  hydrostatic  pressure 
that  it  formerly  did. 

It  is  not  very  likely,  because  of  the  great  daily  fluctuation  in 
the  water  level  in  this  reservoir,  that  ice  pressure  will  develop  to 
such  an  extent  as  to  seriously  over-stress  the  reinforced  concrete 
shell,  and  consequently,  no  provision  has  been  made  for  such 
pressures. 

The  bottom  lining  is  reinforced  with  |4n.  square  corrugated 
bars,  which  have  their  ends  hooked  over  the  lowest  reinforcing 
ring.  Vertical  |-in.  square  bars,  spaced  3  ft.  on  centers,  were  used 
as  vertical  distributors.  Each  reinforcing  ring  is  made  up  of  six 
sections  lapped  30  in.  and  wired.  The  rings  were  also  wired  to  the 
vertical  reinforcement  at  every  intersection. 

The  forms  consisted  on  the  inside  of  vertical  sheathing  extending 
the  full  height  of  the  reservoir,  and  of  horizontal  sheathing  on  the 
outside.  The  thickness  of  the  bottom  lining  varies  from  3  in.  to  6 
in.,  so  arranged  as  to  offer  better  drainage  than  was  obtained  in  the 
old  tank. 

The  reservoir  was  completed  on  October  12,  1911,  and  filled  for 
the  first  time  to  its  full  depth  on  November  11,  1911.  No  leaks 
whatever  have  thus  far  appeared.  The  only  precaution  to  render 
the  reservoir  water-tight  other  than  that  of  using  a  fairly  wet 
concrete,  which  was  mixed  in  the  proportion  of  one  part  of  cement 
to  two  parts  of  sand  and  four  parts  of   J-in.  broken  trap  rock, 
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Finished  Reservoir,  Xovkhber  11,  1911.    All  Exposrd  Wore 

New  Construction. 


POTTER.  143 

was  to  wash  the  inside  of  the  tank  with  a  semi-liquid  Portland 
cement. 

An  increase  in  the  storage  capacity  of  294  000  gal.  was  obtained 
at  a  cost  of  $2  500,  which  was  the  contract  price  for  this  work. 
The  location  of  the  reservoir  on  a  steep  momitain  slope  about 
180  ft.  above  the  street  level  added  considerable  to  the  cost  of 
hauling  the  structural  material  to  the  site,  and,  consequently, 
to  the  contract  price. 
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SOME  WATER  SUPPLY  PROBLEMS  ENCOUNTERED  IN 
THE  SEMI-ARID   REGIONS  OF  THE  UNITED  STATES. 

BY    CLARENCE    GOLDSMITH,    ASSISTANT  ENGINEER,  HIGH  PRESSURE 
FIRE   SERVICE,  PUBLIC  WORKS  DEPARTMENT,  BOSTON,  MASS. 

[Read  March  18,  1912.\ 

After  the  serious  troubles  which  the  local  members  of  the  Asso- 
ciation have  undergone  during  the  past  six  weeks,  due  to  the 
exceptional  depth  to  which  the  frost  has  penetrated,  it  may  be 
somewhat  of  a  consolation  to  them  to  have  their  minds  refreshed 
by  a  brief  enumeration  of  some  of  the  difficulties  along  other  lines 
which  are  encountered  by  their  co-workers  in  the  semi-arid  regions 
of  the  United  States. 

The  cities  of  Los  Angeles,  Cal.,  Butte,  Mont.,  and  Denver  and 
Colorado  Springs,  both  of  Colorado,  have  been  selected  to  illustrate 
the  problems  which  present  themselves  to  a  water-works  engineer 
in  a  locality  where  the  yearly  rainfall  is  small.  The  mean  yearly 
rainfall  at  the  above-mentioned  cities  is  less  than  eighteen  inches, 
while  that  in  New  England  is  slightly  over  forty-five  inches;  so 
it  will  be  clearly  seen  that  the  difficulty  of  developing  an  adequate 
supply  is  much  greater  than  on  the  North  Atlantic  coast.  A 
second  consideration  of  almost  equal  importance  in  providing 
an  ample  supply  is  the  rapicl  growth  of  these  Western  cities,  which 
requires  the  supply  to  be  developed  more  rapidly  and  a  larger 
margin  of  safety  to  be  maintained  than  is  necessary  in  the  slower- 
growing  Eastern  cities. 

The  city  of  Los  Angeles,  supplied  by  a  municipally  owned  plant,, 
is  located  a  few  miles  inland  from  the  Pacific  coast,  and  the  built- 
up  portion  commences  just  south  of  the  mouth  of  the  San  Fernando 
Valley,  the  watershed  of  which  comprises  526  sq.  miles.  The 
average  annual  rainfall  in  the  city  is  15.93  in.,  and  it  increases 
on  the  northern  slopes  of  the  mountains  about  the  valley  to  about 
22  in.     There  is  practically  no  precipitation  during  July  and 
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August,  and  only  15  per  cent,  of  the  annual  rainfall  occurs  in  the 
six  summer  months.  The  rainfall  is  largely  absorbed  by  the  vast 
gravel  and  debris  deposits  which  line  the  floor  of  the  valley  to  a 
great  depth,  thus  forming  a  large  subterranean  lake  which  appears 
as  the  Los  Angeles  River  near  the  outlet  of  the  valley.  This 
perennial  stream  of  great  constancy  has  an  average  annual  stream 
flow  of  from  29  000  000  to  35  000  000  gal.  per  day.  The  readings 
upon  which  the  above  figures  are  based  are  taken  at  the  hours  of 
greatest  transpiration,  for  it  is  observed  that  the  flow  is  some 
2  000  000  gal.  less  when  the  vegetation  is  subject  to  the  heat  of 
midday.  The  total  amount  which  can  be  derived  from  all  sources 
of  the  supply  for  short  periods  of  time  is  about  59  000  000  gal. 
per  day. 

The  city  has  acquired  the  exclusive  rights  to  all  water,  both 
surface  and  subsurface,  of  the  entire  watershed  to  the  southern 
city  limits.  The  upper  valley  was  until  recent  years  one  of  the 
most  productive  areas  in  the  state  of  California,  but  the  courts 
forbade  any  pumping  of  water  for  irrigation  purposes  within  its 
confines,  basing  its  decision  on  the  fact  that  water  required  for 
municipal  purposes  produced  the  greatest  good  for  the  largest 
number  of  people.  Thereupon  agricultural  activities  practically 
ceased. 

Water  is  withdrawn  at  seven  points  so  distributed  as  to  inter- 
cept the  entire  flow;  four  are  within  the  valley,  one  at  its  mouth, 
and  two  within  the  city.  Of  the  first  four,  the  Main  Supply  diver- 
sion is  located  eight  miles  northwest  of  the  city,  where  the  stream 
flow  is  diverted  by  a  low  timber  and  gravel  dam  into  a  concrete 
conduit  about  five  miles  long,  which  leads  to  Silver  Lake,  a  dis- 
tributing reservoir.  The  greater  portion  of  this  conduit  was  only 
covered  to  the  spring  line  until  about  two  years  ago,  but  it  never 
showed  any  signs  of  expansion  or  contraction  cracks,  although  ex- 
posed to  the  heat  of  the  Southern  California  sun.  The  estimated 
minimum  supply  from  this  source  is  13  000  000  gal.  per  day.  The 
river  disappears  in  the  coarse  gravel  deposits  immediately  below 
the  Main  Supply  diversion,  and  the  subsurface  flow  is  intercepted 
by  six  10-in.  wells  from  160  to  239  ft.  deep.  Water  ordinarily 
stands  5  ft.  below  the  surface  of  the  ground,  and  when  the  wells 
are   being  pumped  by  an  air   lift,  at  the  rate  of  4  000  000  gal. 
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per  day,  into  the  main  supply  conduit,  during  the  summer 
months,  the  water  plane  is  lowered  25  ft. 

At  the  Crystal  Springs  diversion,  one  and  a  half  miles  below  the 
Main  Supply  diversion,  the  river  again  appears  on  the  surface 
and  its  flow  is  diverted  by  a  low  brush  and  gravel  dam,  at  the 
rate  of  12  QOO  000  gal.  per  day,  into  the  Low  Gravity  conduit, 
which  extends  about  five  miles  to  Buena  Vista  reservoir,  and  has 
branches  leading  to  Bellevue  reservoir  and  to  the  main  supply 
conduit.  This  supply  is  augmented  by  two  lines  of  percolation 
pipes  and  an  infiltration  gallery  which  extends  across  the  flood 
plain  of  the  river,  and  in  addition  there  are  six  12-in.  wells  which 
can  be  pumped  by  air  into  the  conduit  line  during  periods  of 
maximum  consumption.  The  total  available  supply  at  this  di- 
version is  23  000  000  gal.  per  day. 

Three  miles  below  this  latter  diversion  there  are  five  12-in. 
wells  which  can  furnish  about  4  500  000  gal.  per  day.  Ordinarily 
water  stands  10  ft.  below  the  surface,  and  when  being  raised  by  a 
centrifugal  pump  into  the  Low  Gravity  conduit  the  water  plane 
is  lowered  15  ft. 

At  the  point  where  the  river  emerges  from  the  valley,  the  latter 

* 

is  very  narrow  and  a  ledge  extends  across  its  bed,  between  the 
hills  on  either  side,  very  near  the  surface,  thus  forming  a  sub- 
merged dam  which  maintains  the  water  plane  in  the  valley.  Across 
these  narrows  a  tunnel,  97  ft.  below  the  bed  of  the  river,  extends 
through  solid  rock  2  100  ft.,  and  from  the  surface  of  the  ground 
are  driven  nine  wells,  with  slotted  casings  12  to  16  in.  in  diameter, 
through  the  ledge  into  the  tunnel,  thus  intercepting  all  the  under- 
ground flow  from  the  valley.  About  6  000  000  gal.  can  be  pumped 
from  this  source  during  periods  of  maximum  consumption.  From 
two  well  fields  in  the  city,  containing  eight  12-in.  wells,  8  000  000 
gal.  can  be  raised  and  pumped  into  the  distribution  system  when 
the  other  supplies  are  insufficient. 

The  above-mentioned  source  of  supply  was  the  only  one  that 
was  available  without  the  expenditure  of  a  large  sum,  and  any  de- 
velopment of  importance  would  require  several  years  to  render  it 
available.  Therefore,  the  Water  Department  was  compelled  to 
adopt  strenuous  means  in  1905  to  conserve  the  present  supply  until 
an  am])le  one  could  be  developed.    The  growth  of  the  city  has  been 
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phenomenal.  The  population  in  1900  was  102  479,  and  in  1910, 
319  198,  showing  an  increase  of  211.5  per  cent,  in  ten  years,  and 

• 

a  prospect  of  a  like  future  growth  seemed  probable,  but  it^  neces- 
sarily depends  upon  ample  water  supply.  In  1905,  with  a  popula- 
tion  of  225  000,  the  average  daily  consumption  was  34  000  000  gal., 
or  a  per  capita  of  151  gal.  with  8  800  meters  in  service,  and  in 
1909,  with  a  population  of  300  000,  36  000  000  gal.,  or  a  per  capita 
consumption  of  120  gal.  with  32  700  meters  in  service. 

From  the  above  it  will  be  seen  that  the  population  increased 
75  000,  while  the  average  daily  consumption  increased  only 
2  000  000  gal.,  and  practically  all  the  saving  can  be  attributed  to 
the  judicious  installation  of  meters  and  their  proper  maintenance. 
Here  is  a  point  which  should  not  be  slighted  and  which  can  be 
exemplified  by  this  city  perhaps  better  than  by  any  other.  The 
full  benefits  and  best  results  of  the  meter  cannot  be  attained  with- 
out constant  attention  to  their  upkeep,  and  the  compiling  of 
i,ccurate  records  in  order  to  determine  the  types  and  makes  best 
f.dapted  to  the  particular  service.  The  meter  and  service  depart- 
ment is  well  organized  and  may  well  serve  as  a  pattern  to  any  city 
which  is  undertaking  the  general  installation  of  meters. 

The  question  of  irrigation  during  the  periods  of  maximum  con- 
isumption  is  of  primary  importance,  and  much  study  has  been  given 
to  this  subject  by  the  officials.  One  thing  has  been  clearly  dem- 
onstrated, and  that  is  that  the  most  luxuriant  and  healthy 
verdure  is  not  grown  on  ground  which  receives  the  greatest  amount 
of  irrigation,  but  rather  that  which  has  received  the  least,  provided 
it  has  been  intelligently  applied.  Much  depends  upon  the  time 
of  day  at  which  the  water  is  applied,  but  in  general  it  is  safe  to  say 
that  for  the  dwelling-house  lawn  an  application  divided  into  two 
periods,  one  of  thirty  minutes  in  the  early  morning,  and  one  of 
thirty  minutes  in  the  late  evening,  produces  excellent  results.  It 
is  to  be  hoped  that  more  complete  experiments  can  be  conducted 
along  these  lines,  and  that  the  consumers  may  be  educated  so 
that  they  may  be  able  to  produce  the  maximum  results  with  the 
minimum  amounts  of  water  applied.  That  this  will  probably 
come  about  within  a  few  years  seems  certain,  for  the  larger  irriga- 
tion projects  in  the  West  are  devoting  much  time  to  a  study  of 
this  phase  of  the  question. 
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In  1905  the  citizens  of  the  city,  realizing  keenly  that  the  future 
of  the  city  depended  upon  an  adequate  water  supply,  voted  to 
proceed  with  a  construction  necessary  to  bring  water  from  the 
Owens  Valley  to  the  city.  The  work  entailed  by  this  project 
is  now  well  under  way,  and  the  city  will  probably  enjoy  the  bene- 
fits of  an  ample  supply  in  1913.  The  intake  of  the  Owens  River 
is  located  37  miles  above  Owens  Lake,  about  258  miles  north  of 
the  city.  The  watershed  tributary  to  the  river  has  an  area  of 
2  800  sq.  miles,  and  contains  twenty-four  mountain  peaks  covered 
with  perpetual  snow,  thus  insuring  an  unfailing  supply  which  will 
be  at  its  maximum  during  the  summer  months  when  the  largest 
amounts  of  water  are  used  in  the  city.  The  water  will  be  brought 
from  the  intake  at  elevation  3  812,  through  226  miles  of  conduit, 
siphons,  flumes,  and  tunnels,  7i  miles  of  reservoir,  and  12^  miles 
of  natural  watercourse,  to  the  San  Fernando  storage  reservoirs, 
elevation  1 130,  which  will  be  constructed  18  miles  northwest  of 
the  city  at  the  head  of  the  San  Fernando  Valley.  The  carrying 
capacity  of  the  conduit  will  be  280  000  000  gal.  daily,  and  five 
equalizing  storage  reservoirs  will  be  located  along  the  route  to 
insure  the  continuity  of  the  supply,  and  several  power  stations 
will  be  erected  along  the  route  of  the  conduit  to  take  advantage 
of  the  rapid  drops  in  elevation  which  occur  at  several  places.  At 
the  time  of  the  inception  of  this  project  it  was  one  of  the  largest 
in  reference  to  the  distances  involved  which  had  ever  been  under- 
taken, and  when  one  recalls  the  relatively  small  size  of  the  city, 
all  credit  should  be  given  to  the  engineers  and  the  citizens  for 
attempting  the  consummation  of  such  a  project,  which  involved 
such  an  enormous  expenditure. 

It  may  be  well  to  stop  here  and  consider  the  activities  of  the 
water  department  for  the  period  of  the  previous  seven  years. 
The  construction  of  the  new  supply  works  has  been  pushed  as 
rapidly  as  circumstances  would  permit;  at  times  over  six  thousand 
men  have  been  employed.  The  per  capita  consumption  has  been 
reduced  by  a  careful  maintenance  of  the  distribution  system  and 
the  installation  of  about  six  thousand  meters  per  annum,  and  the 
works  within  the  city  have  been  extended  by  the  laying  of  about 
thirty-five  miles  of  main  pipe  and  the  installation  of  4  100  services 
each  year,  all  of  which  has  been  accomplished  with  a  comparatively 
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small  force  due  to  the  team  work  of  the  employees,  which  is  facili- 
tated by  the  excellent  organization. 

The  city  of  Butte,  Mont.,  having  a  population  of  about  40  000, 
lies  three  miles  west  of  the  Continental  Divide,  and  the  elevations 
within  the  city  range  from  5  425  to  5  900.  Owing  to  its  location 
at  such  an  elevation  there  are  no  large  watersheds  that  are  avail- 
able to  furnish  an  adequate  gravity  supply.  The  mean  annual 
rainfall  is  15.17  in.,  with  an  occasional  minimum  of  10.29  in.  This 
city  has  not  had  an  exceptionally  rapid  growth  of  population, 
having  increased  only  30  per  cent,  since  1900,  but  is  of  special 
interest  from  the  viewpoint  of  supply,  due  to  its  peculiar  location. 

The  Butte  Water  Company,  operating  under  a  perpetual  fran- 
chise, furnishes  entire  supply  from  five  watersheds,  sparsely  to 
densely  wooded,  and  uninhabited,  which  will  be  briefly  described. 
Basin  Creek,  which  lies  south  of  the  city,  contains  two  storage 
reservoirs,  one  of  which,  formed  by  a  masonry  dam  250  ft.  long 
and  60  ft.  high,  at  elevation  5  860,  has  a  capacity  of  189  000  000 
gal.;  and  the  other,  about  IJ  miles  further  up  the  creek,  formed 
by  a  timber-crib  earth-filled  dam,  330  ft.  long  and  40  ft.  high,  with 
a  concrete  core  wall,  has  a  capacity  of  64  000  000  gal.,  at  elevation 
6  199.  The  run-off  of  the  watershed  is  supplemented  by  the  head- 
waters of  Fish  Creek,  which  is  intercepted  and  brought  across 
the  Divide  in  a  wooden  flume  about  7  miles  long.  This  supply 
feeds  the  low  service  through  a  supply  main  about  12  miles  in 
length,  three  fourths  of  which  is  24-in.  wood  stave  pipe,  the  re- 
mainder being  20-in.  kalameined  pipe.  The  line  will  carry  about 
^  000  000  gal.  per  day. 

A  condition  which  was  observed  on  this  watershed  may  be  of 
interest.  The  bottom  of  the  lower  reservoir  was  carefully  stripped 
before  it  was  filled,  and  the  surface  consists  of  fine  clean  quartz 
sand,  while  no  work  was  done  on  the  upper  reservoir,  and  the 
original  leaf  mold  and  stumps  were  covered  when  it  was  flowed. 
In  the  upper  reservoir  there  is  practically  no  trace  of  algae  growth, 
while  in  the  lower  reservoir,  with  its  clean  bottom,  this  growth 
becomes  extremely  troublesome  during  certain  seasons  of  the  year. 

The  second  and  more  important  source  of  supply  is  that  of  the 
Big  Hole  River,  which  drains  a  watershed  on  the  eastern  slope  of 
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the  Rocky  Mountains,  extending  southwest  to  the  Bitter  Root 
Mountains.  The  maximum  observed  stream  flow  is  90  000  000 
gal.  At  a  pumping  station  located  25  miles  southwest  of  the  city 
the  water  is  raised  from  the  river  at  elevation  6  393,  against  a^head 
of  850  ft.,  to  a  masonry  standpipe  through  a  riveted  steel  pipe. 
The  two  Nordberg  pumps  are  of  very  heavy  construction  to  work 
against  thi^  high  head;  the  plungers  are  11^  in.  in  diameter  and 
the  rods  and  tail  rods  are  7  in.  in  diameter.  From  the  standpipe 
the  water  flows  by  gravity  about  8  miles  to  the  South  Fork  Reser- 
voir, which  is  located  in  the  South  Fork  of  Divide  Creek,  about  18 
miles  southwest  of  the  city,  and  formed  by  an  earthen  dam  with 
a  concrete  core  wall.  The  capacity  is  13  500  000  gal.  The  run-off" 
of  the  watershed  above  the  reservoir  contributes  to  this  supply 
on  an  average  about  1  000  000  gal.  per  day.  Water  from  this 
reservoir  flows  by  gravity  to  a  distributing  reservoir  within  the 
city,  at  elevation  5  960,  which  supplies  an  intermediate  service. 
The  supply  line,  18.5  miles  long,  is  of  particular  interest  owing 
to  the  method  of  its  construction,  which  enables  wood-stave  pipe 
to  be  used  in  a  large  portion  of  the  Une,  which  only  for  special 
features  would  be  under  an  excessive  head.  These  devices  consist 
of  four  concrete  regulating  chambers,  each  divided  into  two 
sections  by  a  concrete  weir.  In  the  lower  of  these  sections  a  float 
is  placed  which  controls  a  valve  on  the  pipe  entering  the  upper 
section,  so  that  when  it  is  desired  to  curtail  the  supply  coming  to 
the  reservoir  within  the  city,  a  gate  is  closed  immediately  outside 
the  embankment,  and  the  water  backs  up  successively  in  the  four 
regulating  chambers,  each  of  which  throttles  the  supply  entering 
it  without  producing  any  greater  head  on  the  individual  sections 
of  the  wood  stave  line  than  is  due  to  the  difference  in  elevations  of 
the  successive  weirs. 

The  fifth  source  of  supply  consists  of  two  impounding  reservoirs 
in  Yankee  Doodle  Creek,  about  7^  miles  northwest  of  the  city, 
and  at  the  present  time  it  is  estimated  that  this  supply  can  furnish 
about  3  000  000  gal.  per  day.  The  distribution  system  within  the 
city  is  very  difficult  to  maintain,  as  the  mines  have  been  exca- 
vated under  a  great  portion  of  it,  and  the  timber  bracing  is  contin- 
ually settling.  Kalameined  pipe,  a  patented  article  of  wrought 
iron  or  steel,  with  a  special  metallic  coating,  joined  by  sleeves  with 
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lead  joints,  is  used  exclusively,  as  failures  are  portended  by  small 
leaks  rather  than  by  sudden  ruptures,  as  would  be  the  case  with 
cast-iron  pipe.  As  an  example  of  the  rapid  settlement  which  has 
taken  place,  a  6-in.  line  laid  in  a  timnel  may  be  cited.  This  line 
is  connected  through  elbows  at  either  end,  and  about  once  a  year 

2  ft,  of  pipe  has  to  be  cut  out  of  the  line. 

The  city  of  Denver  is  located  on  either  side  of  the  South  Platte 
River,  about  15  miles  from  the  eastern  foothills  of  the  Rocky 
Mountains.  Its  surface  is  generally  undulating,  ranging  from  ele- 
vation 5  134  to  5  482.  The  population  in  1900  was  133  859,  and  in 
1910, 213  381,  showing  a  gain  of  59.4  per  cent,  in  the  last  ten  years. 
The  mean  yearly  rainfall  averages  about  14  in.,  with  a  minimum 
of  about  8.5  in.,  about  64  per  cent,  of  which  occurs  between  April 
and  August.  The  yearly  evaporation  is  about  69  in.,  —  practi- 
cally double  that  which  obtains  in  Boston.  The  works  which  supply 
the  city  are  owned  by  the  Denver  Union  Water  Company,  which 
owns  and  controls  practically  all  the  water  rights  which  are 
available  for  furnishing  domestic  supply  to  the  city. 

The  South  Platte  River  furnishes  the  supply  from  its  surface 
and  subsurface  flow  at  two  points  outside  and  one  within  the  city. 
The  flow  from  a  small  creek  is  diverted  into  a  distributing  reservoir 
by  infiltration,  and  that  from  Bear  Creek  is  stored  in  one  of  the 
storage  reservoirs.     The  river  above  the  city  drains  an  area  of 

3  910  sq.  miles,  three  fourths  of  which  is  of  granitic  formation  and 
generally  sparsely  wooded  and  mountainous,  and  the  remainder 
prairie  land  below  the  foothills. 

The  precipitation  in  the  mountains  is  mostly  snow  which  ac- 
cumulates in  the  winter  months  and  ;melts  during  the  months  of 
May  and  June,  producing  a  high-water  period  of  less  than  two 
months'  duration,  while  the  low-water  period  extends  over  the 
remainder  of  the  year,  during  which  period  the  stream  flow  fre- 
quently falls  below  20  000  000  gal.  per  day. 

The  prairie  land  when  irrigated  is  extremely  productive,  so  it 
is  not  surprising  that  the  stream  flow  is  over-appropriated  by  the 
ranch  owners  and  the  water  company. 

The  only  means  to  enable  a  greater  amount  to  be  available  was 
to  construct  a  storage  reservoir  in  the  watershed;  therefore,  the 
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Cheesman  reservoir  was  completed  in  1904  on  the  south  fork  of 
the  South  Platte  River,  50  miles  south  of  the  city.  This  storage 
reservoir  is  formed  by  a  massive  stone  masonry  dam  in  a  narrow 
gorge.  It  is  708  ft.  long,  176  ft.  thick  at  the  bottom,  and  18  ft. 
thick  at  the  top,  and  has  a  maximum  height  from  the  stream  bed 
to  the  top  of  the  dam  of  236  ft.,  a  capacity  of  25  760  000  000  gal., 
and  an  area  of  874  acres,  at  elevation  6  836.  The  construction  of 
the  dam  required  80  000  barrels  of  cement,  which  was  hauled  by 
teams  of  sixes  a  distance  of  23  miles  over  a  mountain  road,  and  the 
stone,  a  gray  granite,  was  quarried  within  one-half  mile  of  the  dam 
site.  The  stones  are  of  a  uniform  thickness  of  2  ft.,  and  the  mortar 
joint  is  1  in.  thick.  The  masonr>^  work  was  so  well  executed  that 
when  water  is  flowing  over  the  spillway,  which  is  located  200  ft. 
north  of  the  dam  in  a  depression  between  two  mountains,  there 
is  no  trace  of  leakage  or  even  sweating  on  the  downstream  face  of 
the  dam.  Water  is  withdrawn  through  tunnels  driven  through  the 
granite  mountain  north  of  the  dam.  Three  tunnel  entrances  at 
different  elevations  are  controlled  by  hydraulically  operated  valves, 
access  to  which  is  provided  through  man-way  tunnels.  During 
the  irrigation  season,  in  addition  to  the  water  withdrawn  for  the 
domestic  supply,  as  much  water  as  is  entering  in  the  streams  at 
the  upper  end  of  the  reservoir  must  be  returned  to  the  river  below 
the  dam  to  take  care  of  the  irrigation  rights. 

This  water  is  carried  in  the  stream  bed  for  about  30  miles,  where 
that  portion  used  for  domestic  supply  is  diverted  at  the  Platte 
Canon  head  works  into  either  the  Platte  Cafion  reservoir,  or  to 
Marston  Lake,  through  a  conduit  line.  Platte  Cafion  reservoir 
is  about  two  miles  below  the  head  works,  and  forms  a  sedimenta- 
tion basin  of  300  000  000  gal.  capacity  from  which  water  is  passed 
through  slow  sand  filters  having  an  area  of  10^  acres,  with  a  daily 
capacity  of  35  000  000  gal.  Water  may  also  be  applied  to  these 
beds  from  two  small  settling  basins  which  are  fed  directly  from 
the  stream. 

The  supply  lines  of  the  system  are  of  exceptional  interest.  All 
are  continuous  wood-stave  pipe,  are  well  cross-connected,  and  the 
flow  through  each  is  recorded  by  a  Venturi  meter.  The  oldest  of 
the  longer  lines  was  installed  in  1890,  and  has  a  length  of  about 
18  miles,  in  which  length  there  is  44  ft.  fall,  and  the  line  shows  a 
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carrying  capacity,  by  meter  measurement,  of  8  000  000  gal.  per 
day.  There  are  three  other  lines  of  similar  length,  a  30-  and  34-in. 
line  having  a  capacity  of  13  000  000  gal.,  a  40-in.  line  having  a 
capacity  of  23  000  000  gal.,  and  a  44-  and  48-in.  line  having  a 
capacity  of  25  000  000  gal.  The  continuous  wood  stave  pipe  has 
proved  itself  well  adapted  for  conduit  lines,  as  the  cost  of  installa- 
tion is  much  less  than  that  of  steel  or  of  cast  iron,  not  only  due  to 
the  lower  cost  of  the  material,  but  also  to  the  greater  ease  with 
which  it  can  be  transported,  particularly  to  points  difficult  of 
access.  The  maintenance  is  moderate,  and  in  case  of  failure, 
repairs  can  be  made  much  more  expeditiously  than  either  on  steel 
or  cast  iron;  and  another  reason  of  almost  equal  importance  is 
that  the  coefficient  of  its  carrying  capacity  remains  constant.  In 
applying  the  Hazen-Williams  formula  one  is  perfectly  safe  in  using 
a  coefficient  of  125  in  making  calculations,  and  there  are  several 
lines  which  show  coefficients  as  high  as  140.  In  different  parts  of 
the  West  various  woods  are  used  to  make  the  staves  —  redwood, 
Oregon  fir,  and  Texas  long-leaf  pine.  The  redwood  is  somewhat 
too  soft  to  take  the  tension  of  the  bands  without  allowing  them 
to  cut  in  too  deeply,  but  the  two  latter-named  woods  have  proved 
very  satisfactory,  and  practically  all  of  the  Denver  lines  are  made 
of  Oregon  fir  pine.  The  wood  in  the  line  when  properly 
installed,  that  is,  when  all  points  are  below  the  hydraulic  gradient, 
and  suitable  air  valves  are  provided  on  its  summits,  has  a  ver>' 
long  life,  but  the  bands,  which  are  the  first  to  fail,  have  a  life  of  only 
about  twenty-five  years,  depending  upon  the  quality  of  the  original 
material,  their  coating,  the  care  with  which  they  were  installed, 
and  the  nature  of  the  soil.  Experience  shows  that  a  rolled  thread 
is  preferable  to  a  machine-cut  thread,  and  when  they  are  used 
it  is  unnecessary  to  upset  the  thread  end  of  the  rods  in  order  to 
secure  their  full  strength. 

The  remaining  supplies  do  not  present  any  features  particularly 
worthy  of  note,  both  being  infiltration  galleries,  one  of  which 
delivers  by  gravity  and  the  other  by  pumps.  All  water  is  filtered, 
either  naturally  by  infiltration  or  artificially  by  either  slow  sand 
or  mechanical  filters,  before  it  enters  the  distribution  system. 

The  average  daily  consumption  in  1910  was  49  200  000  gal., 
which,    with    an     estimated     population    of    213  000,    gives    a 
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per  capita  coDSumption  of  229  gal.,  and  the  maximum  daily  con- 
sumption is  about  70  000  000  gal.  No  particular  effort  has  been 
made  to  reduce  the  consumption,  and  there  are  only  about  400 
meters  in  service.  Upon  first  thought  it  would  not  appear  to  be 
*  an  economic  operation  of  the  works  to  foster  so  large  a  consump- 
tion^ as  it  has  required  the  installation  and  maintenance  of  numer- 
ous large  conduit  lines,  but  if  this  water  were  not  used  for  domestic 
supply  the  present  water  rights  would  be  lost,  and  it  would  be 
well-nigh  impossible  to  secure  additional  rights  which  would  be 
required  as  the  city  grows.  Now  any  large  increase  in  population 
can  be  easily  served  by  adopting  measures  to  reduce  the  per  capita 
consumption. 

The  position  of  the  Denver  Union  Water  Company  is  unique,, 
for  although  it  has  been  in  litigation  with  the  city  since  the  ex- 
piration of  its  franchise  in  1910,  and  prior  to  that  time  had  many 
disagreements  with  the  city,  it  continues  to  develop  the  works  and 
expends  more  than  half  a  million  dollars  each  year,  and  it  always 
has  maintained  a  system,  the  efficiency  of  which  is  equalled  by  few 
cities  whose  works  are  either  privately  or  municipally  owned. 

Colorado  Springs  is  located  about  75  miles  south  of  Denver^ 
and  has  a  population  of  about  30  000.  The  city  lies  at  practically 
the  same  elevation  as  Denver,  and  enjoys  the  same  climatic  con- 
ditions. The  supply  is  derived  from  a  series  of  watersheds  which 
comprise  the  southeastern  slope  of  Pikers  Peak.  Their  combined 
area  is  29.57  sq.  miles,  and  that  which  does  not  lie  above  the 
timber  line  is  from  moderately  to  sparsely  wooded.  The  rainfall 
on  the  watersheds  varies  from  about  15  to  30  in.,  and  the  snowfall 
from  97  to  about  200  in.,  but  the  run-oflf  from  the  latter  is  very  un- 
certain, for  at  these  high  altitudes  it  is  not  uncommon  for  practi- 
cally all  the  snow  to  disappear  without  contributing  more  than  a 
very  small  amount  to  the  run-off.  There  are  six  storage  reservoirs 
which  have  a  combined  capacity  of  2  194  000  000  gal.  Two  of  these 
are  above  timber  line,  and  the  higher,  at  elevation  12  099,  is  the 
highest  storage  reservoir  in  the  world.  From  the  lower  storage  reser- 
voir water  is  discharged  into  Ruxton  Creek,  and  at  a  point  IJ  miles, 
below  is  diverted  into  a  16-in.  main  by  a  low  timber-crib  dam  at 
an  elevation  of  9  241.    This  line  extends  for  about  one-half  mile 
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to  a  reinforced  concrete  equalizing  reservoir  from  which  a  20-in. 
riveted  steel  pipe,  having  a  capacity  of  17  000  000  gal.  per  day, 
follows  the  contour  of  the  moimtains  in  a  gradually  descending 
grade  for  the  first  part  of  its  course,  and  then  abruptly  descends 
to  a  power  house  located  in  Manitou,  where  an  available  head  of 
2  400  ft.  is  used  to  operate  Pelton  wheels  which  discharge  into  a 
settling  basin,  from  which  point  three  lines,  an  8-in.,  16-in.,  and 
24-in.,  convey  water  into  the  distributing  reservoirs  in  the  city. 
The  average  daily  consumption  in  1910  was  about  8  000  000  gal., 
which  shows  a  per  capita  consumption  of  232  gal.  The  maximum 
occurs  diuing  the  summer  months,  and  13  000  000  gal.  was  used 
in  July,  1910. 

DISCUSSION. 

The  President.  Mr.  Goldsmith,  I  was  interested  in  what  you 
said  about  the  two  reservoirs  at  Butte,  Mont.,  one  of  which  had 
been  stripped  and  the  other  not,  and  one  containing  bad  water 
and  the  other  good  water;  have  you  any  theory  upon  which  to 
explain  that? 

Mr:  Goldsmith.  No,  I  have  not,  and  the  superintendent  of 
the  works  says  that  it  is  beyond  him.  He  was  building  a  reservoir 
on  Yankee  Doodle  Creek  when  I  was  there,  and  he  was  taking  no 
chances  but  was  stripping  the  site.  I  saw  the  water  myself,  and 
in  the  upper  reservoir  it  was  as  clear  as  could  be,  while  in  the  lower 
reservoir,  which  has  this  fine  quartz  bottom,  it  was  simply  green 
with  algse.  Mr.  Carroll  is  probably  one  of  the  most  able  water- 
works superintendents  in  the  country.  He  is  an  Annapolis  man, 
a  thorough-going  engineer  in  every  respect,  but  he  has  been 
unable  to  solve  the  problem. 

The  President.  Do  I  understand  that  the  water  is  drawn  from 
the  upper  reservoir  to  the  lower? 

Mr.  Goldsmith.  It  flows  down  a  brook  for  about  three  quarters 
of  a  mile. 

Mr.  Richard  A.  Hale.*  I  would  like  to  inquire  if  the 
life  of  the  wood  pipe  and  the  bands,  etc.,  does  not 
depend  on  the  material  in  which  the  pipe  is  imbedded?     The 


♦Principal  ABsiatant  Engineer,  the  Essex  Company,  Lawrence,  Mass. 
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reason  I  ask  is  that  I  have  recently  taken  out  in  Lawrence  a  wooden 
penstock  which  has  been  in  for  forty-six  years.  It  was  composed 
of  white  pine,  surrounded  by  iron  bands.  The  material  in  which 
it  lay  is  not  clay  puddle,  but  ordinary  material,  something  like 
river  silt,  possibly,  puddled.  There  is  no  indication  whatever  of 
decay  in  the  wood,  and  a  section  across  the  iron  bands  shows  them 
to  be  as  bright  as  they  were  on  the  day  on  which  they  were  put  in. 
There  is  apparently  no  reduction  whatever  in  the  section,  and 
every  part,  the  wood  and  iron,  seems  to  be  exceedingly  well  pre- 
served. There  was,  of  course,  no  exposure  to  the  air,  and  I  was 
wondering  whether  the  life  of  this  kind  of  pipe  mentioned  by  Mr. 
Goldsmith  did  not  depend  very  much  on  the  material  in  which  the 
pipe  is  laid  and  upon  whether  or  not  it  is  exposed  to  air  and  water 
and  is  alternately  wet  and  dry. 

Mr.  Goldsmith.  I  believe  I  covered  that  point.  I  said  that 
among  other  things  the  life  of  the  pipe  depends  upon  the  material, 
the  soil,  in  which  it  is  laid.  I  would  say  that  the  failure  of  the 
bands  on  wood  stave  pipe  up  to  the  present  time  has  practically 
always  been  in  the  threads,  and  the  rolled  thread  had  not  been 
used  long  enough  to  have  it  determined  where  the  failure  is 
hereafter  going  to  be.  A  few  staves  in  a  line  would  go  bad,  and 
when  they  took  those  portions  out  and  moved  the  nuts  on  the 
bands,  they  found  that  the  thread  was  practically  all  gone. 

Another  thing  that  has  been  developed  by  the  Denver  Union 
Water  Company  has  been  in  connection  with  the  putting  on  of  the 
new  bands.  They  used  to  be  made  in  a  complete  circle,  and  in 
wiggling  them  under  the  pipe  a  little  of  the  coating  would  be  torn 
off.  Now  they  are  making  the  bands  in  two  sections,  held  together 
by  a  malleable  iron  clamp  or  saddle.  That  method  of  construc- 
tion not  only  enables  them  to  get  the  bands  around  the  pipe  with- 
out injuring  the  coating,  but  also  to  get  a  great  deal  better  tension 
on  the  pipe.  They  like  to  lay  the  pipe  in  the  winter,  for  the  staves 
are  dry,  and  when  there  is  a  little  frost  on  them  they  drive  home 
better  than  they  do  in  wanner  weather. 

The  President.  Have  you  any  theory  or  any  reason  upon 
which  you  can  explain  why  the  rate  per  capita  at  Los  Angeles 
should  be  so  high? 

Mr.  Goldsmith.     It  is  on  account  of  the  rainfall.     Only  15 
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per  cent,  of  the  rainfall,  the  total  amount  of  which  is  very  small 
anyway,  is  during  the  summer  months,  and  there  is  practically 
none  during  July  and  August.  Now  Los  Angeles  is  a  garden  city, 
you  may  say.  When  I  was  looking  up  the  question  of  irrigation 
I  found  two  estates,  each  of  which  occupied  half  a  block.  The 
meter  on  one  estate  showed  that  during  the  year  they  had  used 
water  enough,  including  what  was  used  for  household  purposes, 
the  exact  amount  of  which  of  course  could  not  be  determined, 
to  have  covered  the  land  to  a  depth  of  14  ft.,  and,  in  the  case  of 
the  other  estate,  to  have  covered  it  to  a  depth  of  7  ft.  It  is  a  city 
of  homes.  Practically  every  one  owns  a  little  home  and  has  a  Uttle 
garden,  and  nothing  will  grow  in  it  without  irrigation.  That 
probably  accounts  for  the  high  rate. 

Mr.  G.  C.  Whipple  {by  Utter),  The  writer  has  been  very  much 
interested  in  reading  Mr.  Goldsmith's  paper,  and  especially  that 
part  of  it  relating  to  the  growth  of  algse  in  the  reservoirs  of  the 
Butte  Water  Company.  The  fact  that  algae  have  given  trouble 
in  the  reservoir  that  was  carefully  stripped  before  it  was  iBlled,  and 
have  not  given  trouble  in  the  upper  reservoir,  which  was  not 
stripped,  is  in  line  with  numerous  instances  which  have  come  to  his 
attention  during  recent  years.     It  is  quite  evident  that  our  ideas  in 

regard  to  the  control  of  algae  growths  in  reservoirs  must  be  modified 

• 

by  these  recent  observations,  and  stripping  cannot  any  longer  be 
regarded  as  a  general  panacea  for  this  trouble.  It  is  evident  that 
there  are  many  conditions  other  than  that  of  providing  a  supply  of 
organic  food  material  that  are  involved  in  the  problem.  There- 
fore, if  the  author  could  give  us  further  information  in  regard  to  the 
nature  of  the  algal  growths  and  the  physical  and  topographical 
conditions  of  the  reservoirs,  he  would  be  adding  to  the  knowledge 
that  must  be  accumulated  before  an  adequate  theory  as  to  the  cause 
and  control  of  algae  growths  can  be  advanced. 

Since  the  early  work  on  the  subject  of  algae  growths  was  under- 
taken by  members  of  this  Association  twenty  years  and  more  ago, 
comparatively  few  investigations  in  this  country  have  been  pub- 
lished and  the  science  of  limnology  has  been  allowed  to  wane. 
Meantime,  however,  some  extensive  investigations  have  been  made 
in  Europe,  especially  in  Scotland,  where  questions  of  temperature, 
currents,  etc.,  have  been  investigated  in  detail.     References  to  this 
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foreign  literature  may  be  found  in  the  files  of  the  Internationale 
Revue  der  Gesamten  Hydrolnologie  und  Hydrographie,  which  has 
been  published  since  May,  1908.  In  this  country  the  jnost  im- 
portant references  to  the  subject  are  the  report  of  Messrs.  Allen 
Hazen  and  George  W.  Fuller  on  "  The  Relation  of  Reservoir  Strip- 
ping to  the  Improvement  in  Quality  of  Water,  '*  published  in  the 
Annual  Report  of  the  Board  of  Water  Supply,  City  of  New  York, 
1907,  and  the  monograph  of  Dr.  Edward  A.  Birge  and  Chancey  A. 
Juday  on  "  The  Dissolved  Gases  of  the  Water  and  their  Biological 
Significance/*  published  in  Bulletin  XXII  of  the  Wisconsin  Geo- 
logical and  Natural  History  Survey. 

The  writer  hopes  to  review  all  of  this  literature  during  the  near 
future,  and  thus  make  it  available  to  the  members  of  the  Associa- 
tion, hoping  that  it  will  stimulate  anew  the  interest  in  the  general 
subject  of  limnology. 
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METHODS    OF    THAWING    FROZEN    SERVICE    PIPES, 
AND  DISTRIBUTING  THE  COST  THEREOF. 

TOPICAL   DISCUSSION. 

[March  IS,  1912.]  * 

Mr.  J.  J.  Prindiville.*  Mr.  President,  there  is  one  question 
I  would  iike  to  bring  up  here  this  afternoon  which  is  of  vital 
interest  to  the  smaller  departments,  and  that  is,  how  to  treat  the 
services  entering  from  the  street  mains  to  the  houses  of  the  con- 
sumers. 

This  last  winter,  which  has  probably  been  as  cold  as  any  winter 
in  the  past  twenty-j&ve  years,  we  have  had  a  great  deal  of  difficulty 
from  freezing.  There  has  been  very  little  trouble  with  the  mains, 
but  there  have  been  from  150  to  200  services  frozen  on  private 
grounds.  Those  services  are  paid  for,  when  they  are  put  in,  by 
the  owners,  and  when  they  are  frozen  the  owners  call  on  the  depart- 
ment to  thaw  them  out.  Now  the  question  is  as  to  whether  the 
expense  of  doing  that  should  not  be  borne  by  the  owners  rather 
than  by  the  department.  The  reply  to  that  is  that  the  services 
were  put  in,  in  almost  every  case,  under  the  direction  of  the  depart- 
ment, and  the  owners  say  that  under  those  circumstances,  as  the 
department  assumed  the  responsibility  for  putting  them  in,  it 
should  pay  for  the  expense  of  thawing  them  out.  This  becomes 
quite  a  serious  question  when  we  have  a  winter  like  the  past  one, 
and  so  I  would  Uke  to  bring  the  matter  up  for  discussion  to  see  if 
we  cannot  get  some  inform^vtion  as  to  the  best  way  to  treat  the 
subject  and  learn  the  opinions  of  the  members  as  to  whether  the 
department  or  the  owners  of  the  services  should  pay  the  charge 
for  thawing  them  out.  Another  question  is  as  to  the  best  method 
in  use  for  thawing  out  thes6  service  pipes. 

The  President.  I  would  say  that  we  have  had  a  great  many 
frozen  services  in  Worcester  this  year,  and  they  were  laid  by  the 
Water  Department.     We  have  taken  the  attitude  that  where  a 

*  Member  and  Secretary  Water  Commissioners,  Frumingham,  Mass. 
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service  was  frozen  in  the  street  the  city  would  assume  the  responsi- 
bility, but  if  the  freezing  clearly  started  in  the  cellar  we  would 
charge  the  expense  of  thawing  to  the  consumer.  That  seems  to  be 
perfectly  fair. 

Mr.  Prindiville.  What  would  you  do  if  the  house  was 
100  ft.  from  the  street  and  the  service  was  frozen  under  the  lawn? 

The  President.  I  should  hold  the  consumer  responsible,  if 
the  freezing  was  on  his  premises.  Oftentimes  services  are  put 
in  when  the  grade  of  the  lawn  has  not  been  established,  and  in 
those  cases  the  Water  Department  uses  the  best  information  it 
has,  and  if  it  turns  out  that  the  owners  do  not  fill  in  as  much  as 
they  bad  planned  to  do,  so  that  the  frost  gets  down  and  the  pipe 
freezes,  we  do  not  think  the  department  should  be  held  responsible. 
But  if  the  grade  is  established,  and  the  department  puts  the 
service  in,  we  think  we  are  morally  bound  to  take  care  of  it,  unless 
the  freezing  begins  in  the  cellar  and  works  out  through  the  cellar 
wall.  Then  we  think  that  the  consumer  should  pay  for  thawing 
the  pipe  out. 

Mr.  Edwin  C.  Brooks.*  I  would  Uke  to  ask  how  you  deter- 
mine that  it  starts  in  the  cellar  and  works  out. 

The  President.  It  isn't  difficult  to  determine  that  in  a  good 
many  cases.  Sometimes  when  we  start  thawing  we  will  get 
the  water  through  before  we  have  gone  more  than  two  or  three 
feet  beyond  the  wall. 

Mr.  Brooks.  The  stand  that  we  have  taken  in  Cambridge  has 
been  that  we  were  to  furnish  water  to  the  sidewalk  cock,  and  that 
the  owner  is  responsible  for  what  happens  from  the  sidewalk  cock 
to  the  house.  I  wish  some  of  you  gentlemen  who  have  put  on 
goosenecks  and  some  of  those  contraptions  that  are  supposed  to 
take  up  the  expansion  and  contraction  of  service  pipes  had  to 
wiggle  the  thawing  coil  around  through  some  of  them.  I  think 
it  would  convince  you  that,  although  they  might  have  advantages, 
they  certainly  add  to  our  difficulties.  And,  another  thing.  Why 
can't  there  be  some  unifonn  method  of  putting  services  into  houses? 
Why  can't  they  come  in  above  the  cellar  bottom,  and  not  go  into  a 
little  well,  as  they  often  do,  and  then  run  back  under  the  concrete 
floor  of  the  cellar*^     It  is  very  difficult  to  get  a  coil  into  the  pipe 

*  Superintendent  of  Water  Works,  Cambridge,  Mass. 
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under  such  conditions.  It  seems  to  me  that  before  we  live  a  great 
many  years  longer  we  ought  to  adopt  some  uniform  method  of 
putting  in  supplies  which  will  provide  that  the  supply  shall  enter 
the  cellar  two  or  three  inches  or  more  above  the  finished  cellar 
bottom,  and  that  the  stop  and  waste  valve  shall  be  accessible. 
It  would  add  very  much  to  the  ease  of  thawing  out  supplies  if 
something  of  that  sort  could  be  adopted.  Then  there  is  another 
thing:  to  have  ample  water-ways  in  sidewalk  cocks  and  in  cor- 
poration cocks  adds  very  much  to  the  peace  of  mind  of  the  person 
.who  is  trying  to  get  a  coil  through,  instead  of  having  one  of  these 
little  oblong  openings  which  the  coil  will  scarcely  go  through. 
There  are  a  good  many  of  these  little  details  which,  if  they  were 
attended  to,  would  add  very  much  to  our  ease  in  getting  along, 
and  if  we  are  to  have  many  winters  like  the  past  one,  it  would 
seem  as  though  they  would  have  to  be  provided  for. 

Mr.  Frank  A.  McInnes.*  With  approximately  100  000 
services  in  Boston,  we  have  had  about  200  frozen.  I  have  a  list 
of  deposit  slips,  and  have  to  settle  whether  we  shall  pay  the 
money  back  or  keep  it.  In  the  majority  of  the  cases  it  is  the  same 
old  problem  as  to  where  the  freezing  started,  —  whether  on  the 
premises  or  in  the  street. 

With  regard  to  the  method  of  thawing  the  pipes  out,  I  am 
satisfied  that  there  is  one  best  way,  and  that  is  to  have  your  own 
electric  plant,  consisting  of  motor  and  generator  of  say  25-kilowatt 
capacity,  which  you  can  put  on  an  electric  truck  or  on  a  wagon  and 
move  from  place  to  place.  We  have  lost  a  large  amount  of  time 
both  with  the  A.C.  and  D.C.  current  in  getting  connections, 
grounds,  etc.,  and  have  decided  that  we  must  have  our  own  outfit. 
I  have  talked  with  some  of  the  water-works  supply  men  and  have 
asked  them  to  get  up  something  and  put  it  on  the  market  before 
next  winter. 

The  next  best  thing  to  electricity  is  steam  under  pressure,  live 
steam  carried  right  from  the  boiler  into  the  pipe. 

Mr.  Brooks.  I  would  suggest  a  small  portable  tubular  boiler 
operated  by  either,  gasolene  or  kerosene  under  pressure  to  boil 
the  water  that  you  use  in  your  coils,  so  that  when  you  start  thaw- 
ing out  you  will  be  sure  to  have  plenty  of  hot  water.     In  many  of 

*  Division  Engineer,  Sewer  and  Water  Division,  Boston,  Mass. 
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the  poorer  districts,  when  the  supplies  are  frozen,  a  man  will  have 
to  go  from  house  to  house  to  get  a  pail  of  hot  water.  There  are 
but  few  hot  water  boilers  in  the  vicinity.  He  may  find  a  teakettle 
of  water  on  the  stove,  but  the  woman  will  want  it  herself,  and  then 
the  man  will  have  to  run  to  the  nearest  engine  house  or  school- 
house  or  some  place  of  that  kind  with  the  hope  of  getting  some 
water  there.  It  is  much  more  satisfactory  to  have  a  small  boiler 
from  which  you  can  put  a  steam  jet  into  your  pail  and  keep  the 
water  boiling  hot,  so  it  can  be  used  in  the  coil  when  it  is  hot  instead 
of  lukewarm. 

There  is  another  idea  that  I  have  had  in  mind,  and  that  is 
whether  it  is  not  possible  for  us  to  use  the  spiral  steel  pipe  that  is 
rolled  in  a  Spiral  and  locked  together.  They  use  it  for  tube 
blowers,  and  I  understand  it  is  made  in  sizes  as  small  as  |  in.  It 
seems  to  me  that  would  stand  rough  usage  and  not  be  liable  to  be 
pulled  apart  in  pulling  it  out  of  the  services,  and  would  be  very 
much  better  than  the  ordinary  block  tin  coil  that  we  are  using 
now. 

Mr.  McInnes.  In  Boston  we  use  small  boilers  delivering  live 
steam  under  4  or  5  lb.  pressure  through  a  f-in.  lead  pipe  into  a 
service  or  through  a  f-in.  pipe  into  a  larger  pipe. 

Mr.  Prindiville.  The  question  which  troubles  me  still  re- 
mains, Mr.  President,  and  that  is,  who  is  to  pay?  In  most  depart- 
ments the  rules  provide  that  the  services  must  be  put  in  subject  to 
the  approval  of  the  department,  —  either  put  in  by  the  depart- 
ment or  subject  to  the  approval  of  the  department.  Now  if  thej' 
freeze,  how  are  you  going  to  decide,  as  has  been  said,  whether  the 
freezing  begins  at  the  street  end  or  at  the  house  end?  The  pipes 
are  frozen  and  the  owners  come  to  you  for  relief.  At  one  time  this 
winter  we  had  so  many  of  such  cases  that  it  took  us  two  weeks  to 
get  around.  In  a  number  of  instances  there  was  severe  sickness  in 
the  houses,  and  it  was  a  very  great  hardship  not  to  be  able  to  use 
the  waterclosets  and  bath-rooms. 

Now  suppose  you  say  to  the  owner  that  he  has  got  to  pay  to  have 
his  service  thawed  out  and  that  you  will  require  a  deposit.  The 
owner  refuses  to  pay,  on  the  ground  that  you  have  got  to  furnish 
him  with  water.  You  are  already  charging  him  for  it,  and  you 
have  pot  to  furnish  it  to  him,  he  claims,  and  you  are  not  giving  it 
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to  him.  It  seems  to  me  that  there  is  quite  a  big  question  for  us  to 
consider.  It  may  be  a  legal  question  as  to  whether  you  can  take 
the  ground  that  you  will  not  thaw  the  service  out  and  yet  will 
charge  the  owner  for  water.  In  order  to  get  some  light  on  this 
subject,  and  the  matter  is  one  which  is  of  particular  importance  to 
small  departments,  I  would  suggest  that  a  committee  of  three  or 
five,  whichever  number  you  see  fit,  be  appointed  to  take  this 
matter  up  and  make  a  study  of  it  and  recommend  to  the  Associa- 
tion the  best  method  to  adopt  as  to  who  must  pay  the  bills  for 
thawing  frozen  services.  It  does  not  seem  right,  in  one  aspect  of 
it,  for  us  to  stand  by  and  say  we  will  not  thaw  them  out,  and  yet 
at  the  same  time  charge  a  minimum  rate  for  the  water. 

The  President.  Our  way  in  Worcester  would  be  to  thaw  out 
the  service  and  then  to  thresh  out  afterwards  the  question  of 
who  shall  pay  for  it.  Get  the  water  running  in  the  first  place, 
for  you  will  then  be  on  the  safe  side,  and  take  up  the  question  of 
payment  later.  I  think  it  would  be  very  difficult  to  establish 
any  uniform  practice  for  the  different  cities. and  towns.  It  seems 
to  me  the  question  would  be  very  largely  a  local  one. 

Mr.  Prindiville.  If  you  eliminate  the  charge  in  one  case, 
you  have  got  to  do  it  in  all  cases. 

The  President.  Under  the  same  conditions,  yes.  You  have 
got  to  be  consistent.  I  have  learned  that  you  cannot  safely 
make  any  exceptions. 

Mr.  Frank  C.  Kimball.*  To  answer  the  gentlemen's  question 
specifically,  it  seems  to  me  that  it  must  depend  entirely  upon  the 
conditions  under  which  service  pipes  are  laid  in  the  particular 
place.  Some  departments  assume  the  laying  of  the  pipes  to  the 
cellar  wall,  charging  a  certain  price  per  foot,  the  cost,  or  whatever 
it  may  be,  and  laying  them  as  they  see  fit,  using  the  kind  of  pipe 
they  may  choose  and  at  such  depth  as  in  their  opinion  is  necessary. 
I  think  in  such  a  case  as  that  there  is  hardly  any  question  but  what 
the  expense  of  thawing  the  pipe  should  be  borne  by  the  department. 
On  the  other  hand,  some  departments  run  merely  to  the  curb  or  to 
the  street  Une,  and  it  is  for  the  owner  to  get  a  plumber  and  bring 
the  water  into  the  house.  Even  though  that  be  done  subject  to 
the  approval  of  the  department,  I  think  in  such  a  case  it  would 

*  General  Manager,  Commonwealth  Water  and  Light  Company,  Summit,  N.  J 
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be  for  the  householder  to  pay  the  expense  of  thawing  out  the  pipe, 
because,  while  it  is  subject  to  the  department's  approval,  it  is  not 
beyond  the  province  of  the  property  owner  or  his  plumber  to  do  a 
better  job  than  the  department  requires,  although  they  seldom 
do  it.  So,  as  I  say,  in  all  cases  I  think  it  is  the  way  the  rules 
or  regulations  of  the  department  read  which  will  largely  govern 
as  to  whether  the  department  or  the  property  owner  pays  the 
bill.  As  to  drawing  an  exact  line  where  the  freezing  begins, 
whether  in  the  cellar  or  at  the  main  or  at  the  property  line,  you 
cannot  always  do  it. 

Mr.  Walter  H.  Richards.*  Mr.  President,  I  agree  with  Mr. 
Kimball.  I  think  if  the  city  lays  the  pipe  across  a  man's  lawn 
into  his  house,  the  city  should  be  at  the  expense  of  thawing  it 
out  in  case  it  freezes,  for  the  city  assumes  responsibility  by 
laying  it. 

To  determine  just  where  the  freezing  starts  is  very  difficult. 
I  think  it  is  a  very  rare  case  in  which  you  can  do  it  with  absolute 
certainty.  I  have  one  case  in  mind  where  the  pipe  froze  solid 
right  out  to  the  curbstone  and  the  service  did  not  freeze  at  all, 
although  it  was  not  laid  any  deeper  than  the  pipe  to  the  sidewalk 
was. 

Mr.  Arthur  F.  BALLou.f  We  began  by  using  live  steam 
for  thawing  pipes.  The  city  of  Woonsocket  is  responsible  for 
the  pipe  to  the  curb  line. 

We  investigate  each  case  of  freezing  that  is  reported  to  us. 
If  we  get  water  at  the  curb  we  at  once  shut  it  off  so  as  to  drain  the 
private  part  of  the  pipe  and  prevent  the  freezing  from  working 
back  into  our  part  of  the  pipe.  If  the  service  is  off  a  big  main, 
one  of  the  principal  arteries  of  the  city,  we  put  in  steam  and 
thaw  out  the  ground  so  as  to  protect  the  main  pipe. 

The  requests  to  be  thawed  out  became  so  numerous  that  we  had 
to  begin  to  use  electricity  because  we  could  do  the  work  so  much 
quicker.  We  thawed  the  consumer's  part  of  the  pipe  and  ours 
at  the  same  time,  and  we  bore  the  expense,  if  both  parts  of  the 
pipe  were  frozen.  But  where  we  had  water  at  the  curb  we  notified 
the  consumer  that  we  should  expect  him  to  pay  us  the  cost, 


♦  EnRineer  and  SuiM»rintendent,  Water  and  Sewer  Department,  New  London.  Conn. 
t  Superintendent  of  Water  Works,  Woonsocket,  R.  I. 
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and  nobody    demurred    at    that.      They   seemed  to  expect  to 
pay  it. 

We  have  had  quite  a  lot  of  trouble  this  past  winter.  We 
had  over  one  hundred  frozen  services,  and  everybody  realized 
that  we  were  working  hard  to  remedy  the  conditions,  but  that  we 
were  up  against  a  pretty  tough  proposition.  Perhaps  that  had 
something  to  do  with  the  attitude  of  the  consmners.  They 
treated  us  very  kindly,  perhaps  diflferently  than  they  would  have  if 
there  had  only  been  five  or  six  cases.  There  'w^as  only  one  man 
who  was  dissatisfied,  so  far  as  I  know,  and  he  had  only  been  taking 
water  about  four  weeks.  He  is  wiser  now,  and  I  think  if  he  had 
had  the  water  for  several  years  he  would  have  reaUzed  the  con- 
ditions better.  Nobody  demurred  against  paying  the  expense, 
and  of  course  there  were  so  many  pipes  frozen  that  the  charges 
when  they  are  divided  are  not  going  to  be  exorbitant.  We  did  our 
best  to  protect  our  mains  and  to  keep  the  consumers  supplied  with 
water. 

I  think  in  Woonsocket  we  look  at  the  question  of  the  service 
pipes  a  little  differently  from  any  man  who  has  spoken  here  to-day. 
Anybody  who  applies  for  permission  to  make  connection  with  our 
mains  and  to  take  water  is  given  the  privilege  of  making  the 
connection.  It  is  a  privilege.  We  do  not  guarantee  to  give 
uninterrupted  service;  we  cannot  do  that;  and  our  consumers  all 
take  the  water  under  those  conditions.  We  do  our  best,  of  course, 
to  keep  the  water  flowing  in  the  mains,  but  as  far  as  any  liability 
on  the  part  of  the  city  is  concerned,  we  do  not  admit  it.  As  a 
general  thing,  the  people  accept  the  service  in  that  spirit.  We  have 
been  very  fortunate,  we  have  not  had  many  interruptions,  and 
nobody  ever  attempts  to  be  disagreeable.  In  case  a  main  breaks 
they  realize  that  we  get  to  work  and  fix  it  as  soon  as  possible,  and 
they  are  perfectly  willing  to  wait,  and,  of  course,  they  are  more 
so  if  they  have  a  neighbor  on  another  screet  who  has  water. 

Mr.  McInnes.  One  way  to  avoid  trouble  would  be  to  adopt 
the  method  used  by  the  largest  city  in  the  country,  New  York, 
and  that  is  to  have  absolutely  no  responsibility  beyond  the  main. 
That  is  the  rule  in  New  York  City;  they  have  charge  of  the  main 
pipe  and  everything  else  is  up  to  the  owner. 

Mr.    Brooks.     I    think,    Mr.    President,    that    considerable 
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trouble  might  be  avoided  if  services  were  not  laid  under  walks 
leading  up  to  the  houses.  It  is  frequently  the  case  that  a  service 
pipe  runs  under  the  walk,  which  is  kept  shoveled  oflf  in  the  winter 
time,  and,  of  course,  the  frost  then  has  a  chance  to  go  down  much 
deeper  than  it  does  on  the  lawn,  which  is  covered  with  snow  and 
where  there  is  a  coating  of  grass. 

Mr.  Frank  L.  Fuller.  Mr.  President,  I  would  like  to  inquire 
what  the  cost  of  thawing  out  service  pipes  by  an  el^tric  current  is? 

Mr.  McInnes.  I  can  tell  you  exactly  what  it  cost  us  this  year, 
but  as  it  was  all  emergency  work  the  data  is  really  of  Uttle  value. 
A  great  deal  of  time  was  lost  trying  to  make  connections,  in  running 
secondary  wires  and  in  waiting;  we  were  actually  working  but  a 
small  part  of  the  time.  The  entire  cost  of  thawing  divided  by  the 
actual  number  of  services  thawed,  including  one  elevator  pipe 
which  took  a  half  a  day,  amounted  closely  to  $19.  The  total  cost 
divided  by  the  total  number  of  services  we  thawed  and  tried  to 
thaw,  loosing  a  great  deal  of  time  on  some  without  actual  work, 
amounted  to  $14  apiece.  With  your  own  outfit,  the  expense  is  only 
a  matter  of  a  dollar  or  two  at  the  outside. 

Mr.  Brooks.    What  do  you  use  for  power? 

Mr.  McInnes.  With  the  A.  C.  current  we  used  a  50-kilowatt 
transformer  and  a  water  rheostat  working  often  without  a  ground. 
We  got  our  primary  on  one  side  connected  and  let  the  ground  take 
care  of  itself.  I  want  to  emphasize  the  fact  that  our  cost  of 
thawing  is  absolutely  no  criterion  of  what  it  should  cost,  because 
it  was  emergency  work  and  we  let  nobody  wait. 

Mr.  Frank  E.  Winsor.*  I  do  not  think  that  I  am  quaUfied 
to  speak  on  this  matter,  but  as  Mr.  Fuller  has  asked  the  question 
as  to  the  cost,  I  might  say  that  in  White  Plains,  N.  Y.,  the  West- 
chester Lighting  Company  has  made  a  'business  of  thawing  out 
frozen  services,  of  which  there  have  been  a  great  many  during  the 
past  winter.  The  rule  in  force  by  the  water  department  places 
the  responsibility  for  the  house  service  entirely  upon  the  house- 
holder, and  the  department  has  no  interest  in  thawing  out  service 
pipes.  If  such  pipes  freeze,  the  householder  or  owner  of  the 
property  must  arrange  for  thawing  them  out.  The  charge  for 
thawing,  where  tiiere  are  no  particular  complications,  was  fixed 

♦  Department  Engineer,  Board  of  Water  Supply,  City  of  New  York. 
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in  the  early  part  of  the  season  as  $7.50  and  was  later  increased  to 
$10  per  service.  In  Tarrytown,  N.  Y.,  the  same  company  has 
charged  $15  per  service  during  the  past  winter.  Special  prices 
have  been  made  for  large  jobs. 

Mr.  McInnes.  The  owner  of  the  outfit  which  was  working 
for  us  told  me  that  in  the  adjoining  town  of  Norwood  he  thawed 
twelve  services  at  once,  so  the  expense  would  naturally  be  a  good 
deal  less  than  our  cost.  What  we  paid  is  no  criterion,  for  our 
frozen  pipes  were  isolated,  in  all  parts  of  the  city. 
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March  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  March  13,  1912, 

President  George  W.  Batchelder  in  the  chair. 
The  following  members  and  guests  were  present: 

Honor  ART  Member. 
Desmond  FitzGerald. —  1. 

Members. 

S.  A.  Agnew,  J.  M.  Anderson,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft, 

F.  A.  Barbour,  G.  W.  Batchelder,  F.  D.  Berry,  A.  E.  Blackmer,  E.  C.  Brooks, 

G.  A.  Carpenter,  E.  J.  Chadboume,  J.  C.  Chase,  J.  H.  Child,  M.  F.  Collins, 
John  Doyle,  E.  R.  Dyer,  E.  D.  Eldridge,  J.  W.  Ellis,  G.  T.  Evans,  A.  N. 
French,  F.  L.  Fuller,  M.  L.  Fuller,  A.  S.  Glover,  Clarence  Goldsmith,  F.  H. 
Gunther,  R.  A.  Hale,  F.  E.  Hall,  M.  F.  Hicks,  H.  C.  Ives,  W.  S.  Johnson, 
Willard  Kent,  F.  C.  Kimball,  G.  A.  Stacy,  Morris  Knowles,  C.  F.  Knowlton, 
F.  A.  Mclnnes,  N.  A.  McMillen,  A.  E.  Martin,  John  Mayo,  F.  E.  Merrill, 
H.  A.  Miller,  William  Naylor,  F.  L.  Northrop,  T.  A.  Peirce,  J.  J.  Prindiville, 
W.  H.  Richards,  L.  C.  Robinson,  A.  L.  Sawyer,  C.  W.  Saxe,  G.  A.  Stacy, 
W.  F.  Sullivan,  J.  L.  Tighe,  E.  J.  Titcomb,  W.  H.  Vaughn,  R.  S.  Weston, 
Elbert  Wheeler,  William  W^heeler,  F.  I.  Winslow,  G.  E.  Winslow,  F.  E.  Winsor, 
H.  V.  Macksey,  T.  G.  Hazard,  Jr.  —  63. 

Associates. 

Builders  Iron  Foundry,  by  F.  M.  Connet;  Darling  Pump  and  Manu- 
facturing Company  (Limite^l),  by  H.  H.  Davis;  Glauber  Brass  Manufacturing 
Company,  by  S.  S.  Freeman;  Goulds  Manufacturing  Company,  by  R.  E. 
Hall;  Hersey  Manufacturing  Company,  by  Albert  S.  Glover  and  W.  A. 
Hersey;  Lead  Lined  Iron  Pipe  Company,  by  T.  E.  Dwyer;  Ludlow  Valve 
Manufacturing  Company,  by  H.  F.  Gould;  H.  Mueller  Manufacturing  Com- 
pany, by  G.  A.  Caldwell;  National  Meter  Company,  by  C.  H.  Baldwin  and 
J.  G.  Lufkin;  Neptune  Met^r  Company,  by  H.  H.  Kinsey  and  R.  D.  Wertz; 
Norwood  Engineering  Company,  by  C.  E.  Childs;  Pratt  &  Cady  Co.,  by  C.  E. 
Pratt  and  M.  J.  Kane;  Piatt  Iron  Works  Company,  by  F.  H.  Hayes;  Rens- 
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Belaer  Valve  Company,  by  F.  S.  Bates  and  C.  L.  Brown;  A.  P.  Smith  Manu- 
facturing Company,  by  F.  L.  Northrop;  Thomson  Meter  Company,  by  E.  M. 
Shedd;  Union  Water  Meter  Company,  by  F.  E.  Hall;  Water  Works  Equip- 
ment Company,  by  W.  H.  Van  Winkle;  Henry  R.  Worthington,  by  Samuel 
Harrison.  —  24. 

Guests. 

I.  P.  Wood,  inspector,  Marlboro,  Mass.;  Henry  C.  Page,  Arthur  E. 
Tucker,  Worcester,  Mass.;  Robert  E.  WTiittle,  Arlington,  Mass.;  John  E. 
Minos,  J.  E.  Parker,  E.  F.  Hughes,  Boston,  Mass.;  Ivers  M.  Low,  superin- 
tendent water  works,  Weymouth,  Mass. ;  Herbert  W.  Hunt,  Reading,  Mass. ; 
Howard  V.  Allen,  water  commissioner.  East  Greenwich,  R.  I.;  D.  R.  Howard, 
Woonsocket,  R.  I.;  George  E.  Stimson,  Rochdale,  Mass.;  W.  F.  Woodbum, 
Philadelphia,  Pa.;  John  A.  Thompson,  A.  E.  Barrett,  Ix>well,  M&ss.;  Frank 
S.  Newell,  John  F.  Browning,  and  John  J.  Mack,  water  commissioners,  Salem, 
Mass.  — 18. 


The  records  of  the  last  meeting  were  read  by  the  Secretary  and 
approved. 

The  Secretary  announced  that  the  Executive  Committee  had 
this  forenoon  voted  to  hold  the  next  annual  convention  at  Washing- 
ton, D.  C,  during  the  third  week  in  September. 

Applications  for  active  membership,  properly  endorsed  and 
recommended  by  the  Executive  Committee,  were  presented  from 
Charles  E.  Perry,  Canajoharie,  N.  Y.,  engaged  in  sewer  and 
water-works  construction  and  design;  Philander  Betts,  Newark, 
N.  J.,  chief  engineer  Public  Utilities  Commission,  State  of  New 
Jersey;  and  for  associate  membership  from  Francis  H.  Coffin  & 
Co.,  Scran  ton,  Pa.,  general  sales  agents  for  hydrauUc  supplies, 
particularly  machine-made  wood  stave  water  pipe. 

On  motion  of  Mr.  Thomas  A.  Pierce,  the  Secretary  was  directed 
to  cast  the  ballot  of  the  Association  in  favor  of  the  applicants,  and 
he  having  done  so,  they  were  declared  duly  elected  members  of 
the  Association. 

Mr.  Frank  C.  Kimball,  civil  and  hydraulic  engineer,  Boston, 
Mass.,  read  a  paper  entitled  "  How  the  Water  Emergency  at 
Worcester,  Mass.,  was  Handled  in  the  Summer  of  1911,  together 
with  a  Brief  Description  of  Worcester's  Sources  of  Water  Supply.*' 
The  paper  was  illustrated  by  stereopticon  views.  The  President, 
Mr.  Batchelder,  spoke  briefly  upon  the  subject  of  the  paper. 
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Mr.  F.  A.  Mclnnes,  for  the  Committee  on  Standard  Form  of 
Specifications  for  Cast-Iron  Water  Pipes  and  Special  Castings, 
which  was  requested  at  the  last  meeting  to  consider  and  report 
as  to  the  advisability  of  making  some  changes  in  the  standard 
specifications,  presented  the  following  report: 

Mr,  PresiderUf  —  I  am  sorry  that  the  chairman  of  our  committee 
is  not  here,  but  I  have  the  results  of  our  labors  and  with  your 
permission  I  will  read  the  report: 

Mabch  13,  1912. 
New  England  Water  Work«  Association  : 

In  1902  thjs  Association  adopted  a  Standard  Form  of  Specifications  for 
Cast-Iron  Water  Pipe  and  Special  Castings  which  has  been  used  during  the 
past  ten  years  by  members  of  the  Association  and  other  users  of  cast-iron  pipe 
throughout  the  country;  in  the  meantime  the  American  Society  for  Testing 
Materials  and  the  American  Water  Works  Association  have  each  adopted 
standard  specifications  differing  slightly  from  those  of  this  Association. 

While  our  specifications  have  well  served  their  purpose,  your  committee 
believe  that  the  time  has  come  when  certain  changes  should  be  made  if  they 
are  to  continue,  economically,  to  make  for  the  best  results,  and  it  therefore 
recommends  that  they  be  revised.  Your  committee  realize  from  past  experi- 
ence that  the  questions  to  be  considered  will  undoubtedly  entail  a  large  amount 
of  work,  involving  the  making  of  computations  and  drawings;  it  is,  therefore, 
suggested  that  the  matter  be  placed  in  the  hands  of  a  new  committee  of  five, 
to  be  appointed  by  the  President,  and  that  the  committee  be  authorized  to 
expend  not  exceeding  $500  for  assistance  in  the  preparation  of  its  report. 

Dexter  Brackett, 
F.  F.  Forbes, 
F.  A.  McInnes, 

Committee. 

That  is  all  that  the  committee  has  to  say  on  the  matter. 

On  motion  of  Mr.  George  A.  Stacy,  the  report  of  the  committee 
was  accepted  and  its  recommendations  adopted. 

The  President  subsequentlyappointed  Messrs.Frank  A.McInnes, 
Dexter  Brackett,  Frank  A.  Barbour,  William  R.  Conard,  and 
George  A.  King  as  members  of  the  committee. 

Mr.  Clarence  Goldsmith,  assistant  engineer,  High  Pressure 
Fire  Service,  Public  Works  Department,  Boston,  Mass.,  read  a 
paper  entitled  "  Some  Water  Supply  Problems  Encountered  in  the 
Semi- Arid  Regions  of  the  United  States/'  and  dealing  with  the 
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water  supplies  of  the  cities  of  Los  Angeles,  Cal.;  Butte,  Mont.;  and 
Denver  •  and  Colorado  Springs,  Colo.  The  President  and  Mr. 
Richard  A.  Hale  made  certain  suggestions  and  asked  certain 
questions  which  were  answered  by  Mr.  Goldsmith. 

The  President  announced  that  a  letter  had  been  sent  out  to 
various  water  departments  with  a  view  to  obtaining  opinions 
as  to  the  proper  depth  to  which  water  pipes  should  be  laid  in 
various  localities.  He  said  that  in  Worcester  the  pipes  were 
laid  to  the  depth  of  about  4 J  ft.  to  the  center  of  the  pipe,  and 
this  year  the  frost  had  gone  down  6  ft. 


EXECUTIVE  COMMITTEE. 

Boston,  Mass.,  March  13,  1912. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  the  rooms  of  the  Association,  715 
Tremont  Temple,  at  11.30  a.m. 

Present:  President  George  W.  Batchelder,  and  members 
Frank  A.  Mclnnes,  Millard  F.  Hicks,  Morris  Knowles,  Robert 
Spurr  Weston,  George  A.  Stacy,  Lewis  M.  Bancroft,  George  A. 
King,  and  Willard  Kent. 

Three  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely: 

For  members:  Philander  Betts,  chief  engineer,  PubUc  Utility 
Commission,  State  of  New  Jersey,  Newark,  N.  J.;  Charles  E. 
Perry,  civil  engineer,  Canajoharie,  N.  Y. 

For  associate:  Francis  H.  Coffin  &  Co.,  Scranton,  Pa. 

A  conmQunication  from  Mr.  B.  N.  Simin,  civil  engineer,  of 
Moscow,  Russia,  together  with  notes  on  and  blueprint  of  fire 
hydrants,  was  received  and  the  Secretary  was  instructed  to  ex- 
press to  Mr.  Simin  the  appreciation  and  thanks  of  the  Association 
for  his  interest  in  the  matter.  The  several  papers  were  referred 
to  the  Committee  on  Fire  Hydrants. 

The  President  announced  the  result  of  the  vote  of  the  members 
of  the  Executive  Committee  on  place  for  holding  the  next  Annual 
Convention  to  be  as  follows:  viz.,  Washington,  D.  C,  5;   Phila- 
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delphia,  Pa.,  3;  New  York,  3;  and  the  individual  expense  of  at- 
tending convention  in  the  places  named  to  be  approximately  aa 
follows:  Washington,  $37.50;  Philadelphia,  $30,  and  New  York, 
$30. 

On  motion  of  Mr,  Bancroft,  seconded  by  Mr.  Mclnnes,  it  was 
voted  that  the  next  annual  convention  of  the  New  England  Water 
Works  Association  be  held  in  the  city  of  Washington,  D.  C. 

Votedy  on  motion  of  Mr.  Weston,  that  the  date  of  the  next 
annual  convention  be  Wednesday,  Thursday,  and  Friday  of  the 
third  week  in  September. 

Votedy  on  motion  of  Mr.  Knowles,  that  Mr.  King  and  Mr. 
Kent  be  a  committee  to  investigate  and  report  on  the  expediency 
of  visiting  the  Cape  Cod  Canal  on  the  occasion  of  the  Juue  Outing. 

Adjourned. 

WiLLARD  Kent,  Secretary. 
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STATE  CONTROL  OF  THE  DESIGN  AND    CONSTRUC- 
TION OF  DAMS  AND  RESERVOIRS.     ACTUAL 
PRACTICE  IN  EASTERN  CONNECTICUT. 

BY  CHARLES  £.    CHANDLER,   C.E. 

[Read  September  18,  191 1.\    * 

The  Connecticut  statutes  passed  in  1878  provide  for  the  repair 
of  unsafe  dams  as  well  as  for  approved  design  and  construction  of 
new  dams.  This  paper  is  confined  to  the  actual  operation  of  the 
law  in  regard  to  new  dams  in  Eastern  Connecticut  with  which  the 
writer  was  connected  as  engineer  for  the  owners  or  for  the  state^ 
or  of  which  he  had  special  knowledge. 

The  essential  part  of  the  law  so  far  as  this  paper  is  concerned  is 
as  follows: 

*'  Section  4803.  Approval  of  Dams,  —  Before  any  person 
or  corporation  shall  construct  a  dam  or  reservoir  in  a  locality 
where  life  or  property  may  be  endangered  through  the  insuffi- 
ciency thereof,  the  plans  and  specifications  for  such  dam  or  reser- 
voir shall  be  submitted  to  a  member  of  said  board  of  civil 
engineers,  who  shall  examine  the  ground  where  the  dam  or  reser- 
voir is  to  be  built  and  the  plans  and  specifications  therefor;  if  he 
approve  the  same,  he  shall  issue  a  certificate  authorizing  the  con- 
struction of  such  dam  or  reservoir.  No  such  dam  or  reservoir  shall 
be  constructed  without  such  approval  and  certificate. 

"  Section  4804.  Inspection  of  Work;  certificate  of  approval,  — 
The  engineer  under  whose  authority  a  dam  or  reservoir  is  being 
constructed  shall  inspect  the  work  or  cause  the  same  to   be  in- 
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spected  at  least  three  times  before  completion;  and  if  he  shall 
be  satisfied  that  such  dam  or  reservoir  has  been  built  in  a  sub- 
stantial and  safe  manner,  in  accordance  with  the  plans  and 
specifications  approved  by  him,  and  is  strong  and  secure,  he  shall 
issue  a  certificate  approving  the  same,  which  certificate  shall  be 
recorded  in  the  office  of  the  town  clerk  of  the  town  in  which  such 
dam  or  reservoir  is  located.  No  such  dam  or  reservoir  shall  be 
used  until  such  certificate  is  obtained  and  recorded." 

All  the  expense  of  approval  and  inspection  is  borne  by  the 
owner  of  the  dam. 

The  first  experience  that  the  writer  had  with  the  practical 
operation  of  the  law  was  about  twenty-three  years  ago,  when  he 
made  the  plans  for  a  dam  for  a  manufacturer  under  the  specific 
direction  of  the  local  member  of  the  State  Board.  As  engineer  he 
made  no  surveys,  did  not  see  the  site  and  exercised  no  discretion 
whatever,  and  never  saw  or  heard  of  the  dam  afterward.  Pre- 
sumably it  was  built  and  is  standing. 

For  the  second  dam  the  writer  made  a  survey  of  the  ground, 
but  prepared  the  plans  and  specifications  in  accordance  with  the 
direction  of  the  State  Engineer.  The  owner  at  first  refused  to 
have  grades  and  lines  given  for  starting  the  construction  work, 
on  the  theory  that  the  contractor  had  agreed  to  build  the  dam  and 
the  owner  had  nothing  further  to  do.  On  the  refusal  of  the  con- 
tractor to  begin  the  work  until  lines  were  given  on  forms  erected 
by  him,  the  owner  caused  such  lines  to  be  given.  The  dam  was 
built  without  other  inspection  than  that  given  by  the  State 
Engineer. 

When  the  reservoir  first  filled  with  water  the  whole  spillway 
section  went  downstream,  leaving  the  remainder  of  the  dam,  which, 

■ 

like  the  spillway,  was  of  stone  masonry,  standing  unharmed. 

It  should  be  remembered  that  the  law  does  not  require  the  State 
Engineer  to  visit  a  dam  more  than  three  times. 

Later  the  dam  was  rebuilt  in  accordance  with  the  same  plans 
and  specifications^  under  the  constant  supervision  of  an  inspector, 
and  it  is  still  standing  after  more  than  twenty  years  has 
elapsed. 

In  another  case  the  writer  made  plans  and  specifications  for  a 
dam  for  the  owner  under  the  direction  of  the  State  Engineer  and 
the  dam  is  in  good  condition  at  the  end  of  twenty-five  years. 
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In  a  case  coming  under  his  observation  plans  were  approved  by 
the  State  Engineer,  who  declined  to  approve  the  construction 
because  no  spillway  was  provided.  A  spillway  was  added  later 
when  its  necessity  had  been  demonstrated,  fortunately  without 
damage. 

In  another  and  very  important  case  that  the  writer  had  oppor- 
tunity to  know  about,  the  plans  and  construction  were  approved 
by  the  State  Engineer.  A  portion  of  the  spillway,  about  two  hun-* 
dred  feet  in  length,  went  out  on  account  of  an  insufficient  founda- 
tion, and  was  replaced  by  a  timber  construction.  The  State 
Engineer  took  no  part  in  this  replacement,  deciding  that  it  was 
**  repairs,"  and  that  approval  of  repairs  was  not  required  by  law. 

This  State  Engineer  had  a  record  of  at  least  nine  dams,  two  of 
which  failed  in  part,  and  in  neither  case  was  the  failure  due  to  the 
plans  or  specifications.  No  very  serious  damage  to  other  than  the 
owners  occurred  as  a  result  of  these  failures.  The  damage  to  the 
owners  was  about  $80  000. 

In  about  the  year  1891,  on  the  death  of  the  former  incumbent, 
the  writer  was  appointed  a  member  of  the  Connecticut  State 
Board  of  Engineers,  having  supervision  of  dams  and  reservoirs. 

In  regard  to  small  proposed  dams,  the  question  as  to  necessity  of 
state  control  in  specific  cases  has  sometimes  arisen.  The  writer 
declined  to  decide  these  cases.  If  the  owner  wished  to  run  the 
risk  of  building  without  approval,  the  writer  saw  no  reason  for 
objecting.  If  the  owner  preferred  to  be  on  the  safe  side  and  obtain 
approval,  his  attitude  was  unchanged. 

When  plans  and  specifications  were  submitted  for  iapproval,  the 
writer  first  gave  attention  to  the  dimensions  of  the  spillway  and 
learned  the  area  of  the  watershed.  If  the  spillway  provision  fell 
much  short  of  that  recommended  by  Fanning,  a  study  was  made 
of  the  character  of  the  watershed,  the  capacity  of  other  spillways 
on  the  same  stream,  and  the  amount  of  storage  on  the  stream  above 
the  point  in  question,  and  such  information  as  was  available  as 
to  floods  on  the  stream  in  question  and  nearby  streams.  In  the 
light  of  such  knowledge  a  capacity  somewhat  less  than  Fanning's 
was  sometimes  allowed. 

When  the  capacity  of  the  spillway  was  decided,  it  was  required 
that  the  spillway  masonry  be  of  sufficient  dimensions  to  bring  the 
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resultant  within  the  "  middle  third  "  of  the  base  with  the  water 
at  level  of  top  of  abutments  with  no  water  downstream  from'  the 
dam. 

Other  things  too  numerous  to  mention  were  required. 

In  many 'and  perhaps  in  the  majority  of  instances  the  plans  were 
made  by  competent  engineers  and  the  dams  built  under  careful 
supervision.  In  such  cases  the  duties  of  the  State  Engineer  were 
merely  nominal. 

In  other  cases  the  plans  and  specifications  presented  called  for 
dams  that  were  wholly  inadequate.  In  these  cases  new  plans  and 
specifications  were  made  to  the  acceptance  of  the  State  Engineer, 
sometimes  after  many  conferences. 

When  competent  inspectors  were  constantly  on  the  work,  and  the 
State  Engineer  had  faith  in  the  owner  and  builder,  five  visits  only 
were  made;  the  first  to  examine  the  site,  the  last  to  inspect  the 
finished  structure,  and  three  at  intermediate  times. 

In  cases  where  builders  and  engineers  were  inexperienced  in 
dam  building,  and  especially  when  the  only  engineer  employed  was 
also  the  contractor,  more  frequent  visits  were  made. 

In  one  case  the  work  was  visited  two  or  ^hree  times  a  week  while 
the  masonry  was  in  progress. 

While  the  writer  has  been  a  member  of  the  State  Board,  he  has 
had  his  own  plans  for  dams  approved  by  other  members  of  the 
State  Board  whose  practice  has  been  substantially  like  that  herein 
described.  On  one  occasion,  the  State  Engineer  required  an  in- 
creased width  of  embankment. 

In  one  case  a  water  privilege  was  sold  subject  to  the  provision 
that  any  dam  erected  thereon  should  meet  the  approval  of  an 
engineer  employed  by  the  grantor,  who  was  the  owner  of  the 
adjoining  downstream  privilege  on  which  was  a  large  amount  of 
property  likely  to  be  damaged  in  case  of  failure  of  the  dam. 

The  writer  was  employed  by  the  grantor,  and  another  member 
of  the  State  Board  represented  the  state.  Quite  a  serious  contro- 
versy arose,  in  which  several  engineers  took  part.  The  final 
result  was  a  much  safer  dam  than  the  owner  would  have  built  had 
he  depended  on  his  own  engineer. 

The  following  interesting  question  arose  on  the  dam  finally 
built.    Is  a  dam  having  a  substantial  amount  of  earth  embank- 
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ment  and  depending^  on  non-automatic  gates  to  pass  freshet  water 
"  built  in  a  substantial  and  safe  manner  .  .  .'and  .  .  .  strong  and 
secure  "  in  the  meaning  of  the  statute? 

The  State  Engineer  approved  the  plans,  but  the  writer  declined 
to  do  so  under  the  deed,  but  after  certain  changes  recommended 
by  him  had  been  made  in  the  plans,  his  employers  entered  into 
an  agreement  allowing  the  building  of  the  dam  in  the  manner 
above  described. 

Such  dams  are  much  used  in  Michigan  where  the  water  level  in 
ponds  on  large  watersheds  is  wholly  controlled  by  Taintor  gates, 
there  being  practically  no  spillways  except  a  narrow  space  through 
which  to  float  logs. 

.  The  twenty-five  or  more  cases  in  the  writer's  experience  may 
be  divided  into  three  classes. 

First:  When  plans,  specifications,  and  inspection  are  under  the 
supervision  of  competent  engineers  in  the  employ  of  the  owner. 
In  this  class  state  control  is  merely  nominal. 

Second:  When  the  engineer  employed  by  the  owner  is  inexperi- 
enced  in  dam  building.  Generally  such  engineers  cheerfully  modify 
their  plans  at  the  request  of  the  State  Engineeri  but  not  always. 

Third:  When  the  owner  depends  on  the  contractor  for  his 
engineering. 

In  both  the  second  and  third  cases,  the  work  of  the  State  Engi- 
neer has  been  very  important. 

In  the  opinion  of  the  writer  the  law  has  don^  much  good  in 
Connecticut,  but  it  is  deficient  in  many  respects,  among  which  are 
the  following; 

1.  There  is  no  provision  for  a  hearing  of  interested  parties. 

2.  There  is  no  provision  for  filing  plans  and  specifications,  so 
that  any  one  can  tell  how  a  dam  is  to  be  or  has  been  built. 

3.  The  State  Engineer  cannot  take  the  initiative  in  the  case  of 
unsafe  dams  already  built. 

DISCUSSION. 

Prop.  Philander  Betts.*  I  may  say  that  the  state  of  New 
Jersey  because  of  the  interest  aroused  by  the  failure  of  the  dam 
at  Austin,  Pa.,  enacted  a  law  last  winter,  which  is  now  on  the 

*  Chief  Engineer  of  the  New  Jersey  Public  Utilities  Commisaion. 
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statute  books,  providing  that  the  State  Water  Supply  Commission 
shall  have  supervision  over  all  dams,  those  ah-eady  built  and  those 
to  be  built,  and  hereafter  no  dam  can  be  erected  in  the  state  of 
New  Jersey  for  any  purpose  without  having  first  the  approval  of 
the  State  Water  Supply  Commission. 

Since  the  dam  gave  way  at  Austin  there  has  been  a  certain 
amount  of  feeling  of  uncertainty  in  some  places,  in  the  northern 
part  of  the  state,  where  most  of  the  dams  are  located  that  could 
be  considered  sources  of  danger  to  the  communities,  and  on  the 
part  of  the  Public  Utilities  Commission  we  have  already  sent  an 
engineer  to  inspect  three  of  these  dams.  They  were  earth  dams, 
and  only  one  of  them  was  located  in  a  position  where  it  was  really 
a  potential  danger  to  any  number  of  persons.  An  examination  of 
it  showed  that  no  dam  ought  to  be  constructed  in  the  way  that 
this  particular  one  was,  but  under  the  existing  conditions  it  did 
not  appear  to  be  sufficiently  dangerous  to  take  any  action  in 
the  matter. 

The  Public  Utilities  Commission  in  New  Jersey  is  charged  with 
requiring  every  public  utility  to  keep  its  property  in  such  condition 
as  to  enable  it  to  render  safe,  proper,  and  adequnte  service.  There 
is  some  difference  of  opinion  as  to  whether  that  power  and  that 
responsibility  extend  to  the  keeping  of  a  property  in  such  condition 
as  to  prevent  its  becoming  a  danger  to  outsiders.  The  jurisdiction 
of  the  Public  Utilities  Commission  is  usually  supposed  to  be 
exercised,  at  least  in  accordance  with  the  New  Jersey  law,  in  such 
a  way  as  to  provide  that  the  users  of  the  service  of  a  particular 
company  will  receive  safe,  proper,  and  adequate  service,  without 
reference  to  whether  the  existence  of  the  plant  of  the  particular 
company  may  be  a  serious  danger  to  others  than  the  users  of  the 
utihty.  The  law  requires  that  the  company  must  keep  its  prop- 
erty so  as  to  furnish  good  service,  but  the  public  utilities  law 
does  not  extend  to  putting  on  the  Utilities  Commission  the 
responsibility  of  seeing  that  the  particular  plant  is  not  in  itself  a 
source  of  danger  because  of  its  existence,  that  is,  either  to  the 
customers  themselves  or  to  others. 

Nothing  has  yet  been  done  by  the  Water  Supply  Commission 
in  connection  with  the  administration  of  the  law.  New  Jersey, 
with  the  exception  of  the  northern  portion,  is  a  fairly  flat  state, 
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and  the  flatter  portion  of  it,  the  eastern  and  southern  sections^ 
have  a  number  of  small  ponds.  In  two  cases  the  available  head  is 
about  forty  feet.  One  of  them,  located  at  Millville,  is  so  located 
with  reference  to  the  town  that  the  breaking  away  of  the  dam  would 
result  ill  serious  damage  to  a  very  considerable  portion  of  the  town. 
Most  of  the  ponds,  however,  are  small,  furnishing  power  for  grist 
mills,  etc.,  ranging  from  five  to,  say,  nine  feet  head.  With  the 
two  exceptions  noted  above,  they  are  small  in  area,  and  below 
them  lie  no  communities  that  would  suffer  in  case  the  dam  gave 
way  altogether. 

About  three  weeks  ago  I  was  looking  over  a  dam  about  twenty 
miles  southeast  from  Camden,  which  is  not  now  connected  with 
the  operation  of  the  company  in  question.  This  d^m  had  been  in 
existence  as  an  earth  dam  for  a  great  many  years..  The  old  mill 
had  been  owned  by  father  and  son.  They  had  installed  a  small 
steam-driven  electric  plant  which  included  a  60-h.p.  turbine, 
but  after  they  came  to  operate  it  they  found  there  was  not  water 
enough  to  take  care  of  it,  so  that  as  a  source  of  electrical  energy  it 
did  not  amount  to  very  much.  Some  examination,  however, 
was  made  of  the  drainage  area,  and  prox)erty  was  obtained  and  a 
scheme  for  a  new  dam  laid  out.  The  whole  matter  was  left  in 
the  hands  of  the  young  man  by  the  father.  Neither  father  nor 
son  was  an  engineer,  and  the  dam  was  built  entirely  by  guesswork, 
and  bore  some  resemblance  to  the  foundation  wall  of  a  building. 
It  lasted  for  a  day  and  a  half.  The  experience  there,  while  no 
damage  was  done  to  others  than  the  owners  of  the  property, 
really  showed  the  necessity  for  some  sort  of  supervision  over  that 
sort  of  thing.  Of  course  you  may  say  that  a  person  has  a  right 
to  spend  his  money  and  waste  it  in  whatever  way  he  likes;  but 
as  a  rule  these  things  are  potential  dangers  and  ought  to  be,  I 
think,  under  some  kind  of  supervision. 

In  the  northwestern  portion  of  the  state,  the  hilly  portion,  the 
population  is  more  scanty,  and  the  dams  that  are  found  there  are 
used  only  for  the  operation  of  grist  mills,  with  the  exception  of 
two.  One  supplies  the  power  for  a  small  electric  plant  of  perhaps 
75  h.p.,  located  at  Branchville,  Sussex  County,  and  the  other  is 
located  at  the  mouth  of  Paulins  Kill  where  it  empties  into  the 
Delaware  River  opposite  Portland,  Pa.    At  that  location  they 
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have  available,  a  capacity  for  about  800  kw.  The  dam  which  is 
at  present  in  place,  was  put  in  to  replace  a  dam  which  was  carried 
out  a  few  years  ago.  The  number  of  dams  that  have  been  carried 
away  in  these  comparatively  unimportant  situations  rather  goes 
to  show  that  enough  study  has  not  been  given  to  the  proper  con- 
struction of  dams  before  they  were  actually  constructed. 

Mr.  Alexander  Rice  McKim;*  I  did  not  come  here  to  make 
an  address.  I  only  heard  of  this  meeting  yesterday  afternoon,  and 
I  thought  that  if  a  busy  lot  of  men,  as  engineers  usually  are, 
could  leave  New  England  at  the  busiest  season  of  the  year  to  come 
to  Washington,  they  would  be  a  body  well  worth  seeing.  I  thought 
they  must  be  mostly  millionaires  if  they  were  able  to  get  away  at 
this  time.  Tl^at  is  one  reason  why  I  came,  because!  wanted  to 
see  you;  and  besides,  I  thought  I  might  be  able  to  pick  up  a  little 
information. 

The  Conservation  Commission  of  New  York  has  a  Department 
of  Inspection  of  Docks  and  Dams,  but  it  is  practically  a  depart- 
ment simply  for  the  inspection  of  dams,  for  the  law  gives  us 
iurisdiction  only  over  structures  which  impound  water,  and  so 
far  I  have  not  been  able  to  find  any  docks  which  impounded  water. 
Previous  to  the  passage  of  the  conservation  law,  there  was  abso- 
lutely no  inspection,  or  no  record  kept  of  dams  in  the  state  of  New 
York,  but  since  July,  1911,  all  dams  which  are  to  be  constructed 
or  reconstructed  or  renewed  in  any  way  have  had  to  have  the 
approval  of  the  commission.  The  law  also  provides  that  If  there 
is  any  dam  which  the  Commission  considers  dangerous,  or  in  any 
way  a  menace  to  life  or  property,  they  can  cause  it  to  be  repaired 
or  removed.  There  is,  moreover,  a  penalty  of  five  hundred  dollars 
a  day  for  owners  who  do  not  carry  out  the  instructions  of  the 
commission.  We  have  therefore  the  hearty  cooperation  of  all 
the  owners,  which  is  a  very  important  factor.  Without  this 
penalty  clause,  the  law  would  be  a  farce  and  the  department  use- 
less. 

I  happen  to  have  here  the  requirements  for  plans  to  be  sub- 
mitted to  the  Conservation  Commission,  and  as  this  is  right  in 
line  with  this  discussion,  I  think  it  would  be  in  place  to  give  it 
here: 

*  In8p€H*tor  of  Docks  and  Dams,   New  York  State  Conservation  Commission. 
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"  Before  the  erection,  reconstruction,  alteration,  or  extension 
of  a  structure  for  impoimding  water,  or  a  structure  within  the 
natural  and  ordinary  high-water  mark  of  any  stream,  the  owner, 
lessee,  or  the  authorized  agent,  engineer,  or  builder  employed  by 
such  owner  or  lessee  for  the  proposed  structure,  shall  submit,  in 
duplicate,  to  the  Conservation  Commission  complete  specifica- 
tions and  prints,  in  plan,  elevation,  and  section,  showing  the  loca- 
tion of  the  dam,  the  Sow  line  of  the  impoimded  water,  and  the 
ownership  of  the  property  affected,  the  exact  nature  of  the  foun- 
dation bed,  the  character  of  the  materials  to  be  employed,  the  size 
and  the  location  of  the  discharges,  the  general  and  special  features 
of  the  dam,  and  such  dimensions  as  are  necessary  for  the  calcula- 
tion of  the  stresses  and  the  erection  of  the  structure.  The  size  of 
drawings  should  be  24  in.  wide  by  36  in.  long,  with  a  space  inked 
in  to  print  white  on  the  lower  right*hand  comer  of  the  tracings 
3  in.  by  6  in.  long  for  the  stamp  of  approval.  When  the  design  is 
approved  by  the  commission,  one  set  of  specifications  and  prints 
will  be  returned,  duly  stamped  and  signed.  After  the  site  has 
been  cleared  and  prepared,  before  permission  can  be  granted  to 
commence  erection,  the  name  and  a  statement  of  the  experience 
of  the  inspector  for  the  work  must  be  sent  to  the  commission,  a 
sample  of  at  least  one  half  a  cubic  foot  of  sand  and  twenty  cubic 
inches  of  each  of  the  other  materials  to  be  employed  in  the  struc- 
ture must  be  sent  to  the  commission,  and  the  site  must  be  in- 
spected by  the  commission.'' 

You  will  see  that  after  the  plans  have  been  approved  there  are 
yet  three  conditions  to  be  fulfilled. 

First,  a  statement  of  the  experience  of  the  inspector  on  the  work 
is  required.  I  have  found  several  defective  dams  in  which  the 
defects  should  have  been  detected  if  competent  inspectors  had 
been  employed  who  knew  anything  at  all  concerning  materials 
and  the  work,  and,  upon  inquiry,  found  that  such  was  not  the  case. 
So  I  put  this  clause  in  in  order  to  bring  to  the  mind  of  the  owner 
or  ofiicials  that  it  is  necessary  for  the  man  who  inspects  the  work 
to  know  something  about  it,  and,  if  he  has  to  sit  down  and  write 
such  a  statement,  it  just  sets  him  thinking. 

Second,  the  materials  must  be  inspected.  These  materials  are 
sent  to  the  State  Laboratory  for  inspection,  which  is  one  of  the 
best  equipped  and  managed  laboratories  in  the  country.  Generally, 
the  cement  and  stone  give  us  little  trouble,  but  we  have  great 
difiiculty  in  some  parts  of  the  state  in  getting  good  sand.     The 
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failure  of  the  dam  at  Port  Henry  was  due  entirely  to  the  use  of  a 
sand  the  particles  of  which  were  coated  with  a  fine,  insoluble  loam, 
which  prevented  the  setting  of  the  cement. 

Third,  The  site  must  be  inspected.  This  is  to  be  sure  that  the 
dam  has  a  good  foundation  and  that  it  is  properly  prepared  accord- 
ing to  the  plans  and  to  our  requirements. 

With  regard  to  the  organization,  our  commission  is  fortunate. 
We  have  under  us  about  two  hundred  game  wardens  and  forest 
fire  patrolmen,  who  cover  the  whole  state  of  New  York.  These 
are  furnished  with  blank  forms  on  which  each  is  to  report  on 
the  dams  in  his  district.  They  fill  these  forms  out  to  the  best  of 
their  ability  and  send  them  in;  some  of  these  reports  are  excellent, 
and  others  are  not  as  good,  but  they  at  least  locate  the  dams  of 
the  state,  for  no  one  knows  at  present  where  they  are  or  anything 
about  them.  The  men  are  also  instructed,  if  they  find  a  leak, 
or  a  crack,  or  anything  which  looks  dangerous,  or  if  there  is  any 
apprehension  concerning  the  safety  of  any  dam,  to  report  it  at 
once. 

Besides  these  men  I  have  a  number  of  assistants  who  are  going 
systematically  through  the  diflf erent  counties  doing  the  above  work. 
We  also  receive  many  letters  and  petitions  requesting  examinations, 
and  some  of  these  are  from  owners.  These  three  sources  supply 
us  with  information  concerning  the  dams  of  the  state.  Wherever 
there  is  a  complaint,  or  a  prot)able  weakness,  I  give  the  dam  a 
personal  examination.  If  dangerous,  I  request  the  water  lowered 
to  what  I  consider  safe  limits  until  the  dam  has  been  reinforced  to 
the  satisfaction  of  the  commission;  and  generally  this  is  sufficient. 

Last  January  our  commission  adopted  a  code  for  dams,  but  it 
has  not  been  printed  yet,  because  we  are  trying  it  out  first.  As 
we  ascertain  the  reasons  for  weakness  in  or  failure  of  dams,  we 
change  the  code  to  correct  these  features  or  conditions.  A  number 
of  the  requirements  are  entirely  new,  and  I  think  they  may  be  of 
interest  to  this  body.  If  you  will  permit  me,  I  will  read  just  a  few 
of  the  new  clauses,  leaving  out  the  standard  clauses  with  which 
you  are  all  familiar: 

"  Rock  excavation  must  be  done  with  very  light  charges  of 
explosives,  but,  wherever  blasting  is  liable  to  injure  the  bed  upon 
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or  against  which  the  masonry  is  built,  excavating  must  be  done 
by  wedging  and  barring  or  other  approved  methods." 

I  find  that  a  favorite  method  of  making  the  necessary  channels 
and  trenches  in  the  rock  is  to  put  in  d3mamite  and  blow  every- 
thing to  pieces.  I  have  seen  them  blast  good  rock  all  to  pieces, 
where  there  was  a  natural  channel  a  few  feet  off,  simply  because 
on  the  drawing  it  showed  a  channel  underneath  one  part  of  the 
dam.  Explosives  of  all  kinds,  I  think,  are  dangerous  in  the  hands 
of  men  who  do  not  understand  their  power,  as  they  are  liable  to 
open  Up  fissures.  That  is  one  of  the  reasons  why  so  much  water 
is  lost  underneath  the  dams  and  we  have  an  under-upward  water 
pressure. 

Then  as  to  the  calculations  for  the  water  pressure,  we  require 
that  — 

'^  All  dams  must  be  stable  at  any  section  and  under  all  condi- 
tions. Dams  must  be  figured  to  resist  the  pressure  of  the  highest 
possible  flow,  both  perpendicularly  against  the  upstream  face  and 
the  probable  upward  pressure  under  the  dam;  and  also  to  resist 
the  probable  pressure  of  ice. 

**  For  thin  walls  the  compression  on  masonry  must  not  exceed 
10  tons  per  square  foot.  For  soUd  masonry  dams  of  over  150  ft. 
in  height  with  the  best  of  work  and  materials,  and  erected  under 
the  supervision  and  inspection  of  experienced  engineers,  the  com- 
pression on  upstream  face  may  be  18  tons  per  square  foot  and  on 
the  downstream  face  14  tons  per  square  foot." 

This  is  allowing  a  pretty  good  pressure  on  large  masses  of  con- 
crete which  will  be  well  built,  as,  for  instance,  the  work  of  the 
Board  of  Water  Supply  of  New  York  City. 

*'  No  allowance  shall  be  made  in  the  calculations  for  steel  in 
solid  masonry  dams." 

I  do  not  believe  in  building  a  thin  dam  and  then  putting  rods 
in  to  take  up  the  necessary  tension  to  hold  it  down.  Because, 
in  order  to  stretch  the  rods  sufficiently  to  take  up  the  stresses 
calculated,  the  dam  must  move,  and  when  once  it  commences  to 
move,  —  nothing  can  stop  it.  A  gravity  system  must  stand  in 
place  by  gravity  and   gravity  alone.     If   engineers  wish   to  put 
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in  steel  to  bind  the  whole  together,  or  as  an  extra  precaution  in 
anchorage,  well  and  good. 

"  In  reinforced  concrete  beams,  the  allowable  compression  in 
the  concrete  should  be  500  lb.  per  square  inch,  the  ratio  of  the 
moduli  of  elasticity  of  steel  to  concrete  shall  be  taken  as  fifteen, 
and  the  ratio  of  the  area  of  steel  reinforcement  to  the  effective 
area  shall  be  one  and  one-half  per  cent.'' 

I  find  that  in  reinforced  concrete  dams  even  the  best  of  com- 
panies are  putting  14  000  lb.  per  square  inch  on  their  steel,  and 
others  16  000.  The  above  clause  reduces  the  allowable  tension  to 
8  000  lb.  I  believe,  with  further  investigation,  that  it  is  probable 
that  we  will  decrease  instead  of  increase  the  above  allowable 
stresses  on  steel  and  concrete. 

''  The  reinforcement  at  any  section  parallel  to  the  shear  must 
be  sufficient  to  take  up  the  shear  by  means  of  diagonal  bars,  as 
well  as  to  provide  for  tension  due  to  the  bending  moment  by 
means  of  bars  in  the  lower  or  upper  flanges,  wherever  such  tension 
occurs." 

The  shear  is  given  little  and  often  no  consideration  in  the  calcula- 
tions. If  the  lower  side  of  a  dam  is  sufficiently  reinforced  to  take 
the  tension,  designers  often  think  that  is  all  that  is  necessary. 
But  a  reinforced  concrete  beam,  even  with  a  few  thousand  pounds 
stress  on  the  steel,  will  crack  to  the  center.  So  the  concrete  cannot 
take  up  the  shear  and  the  iron  has  got  to  provide  for  it  and  should 
in  part  therefore  be  placed  diagonally. 

For  sand  we  allow  as  much  as  seven  per  cent,  by  weight  of 
clay  and  loam,  "  if  fine  and  divided  and  all  but  two  per  cent, 
easily  dissolved  in  water." 

Now,  as  to  spillways  : 

"  All  dams  must  be  provided  with  durable  spillways  of  sufficient 
size  to  prevent  the  highest  possible  flow  escaping  over  any  part 
of  the  dam  where  no  provisions  have  been  made  for  such  escape, 
or  the  highest  flow  coming  ^vithin  the  distance  of  the  top  as  pre- 
scribed under  earth  dams;  and  without  depending  for  relief  upon 
the  operation  of  any  mechanism  not  automatic  and  approved  of  by 
the  highest  authorities. '^ 
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I  do  not  believe  in  sluiceways  to  relieve  a  flood.  The  man  you 
are  depending  upon  is  never  there;  he  is  sick,  or  something  else 
when  the  flood  comes.  And,  when  sluiceboards  get  a  foot  or  two 
of  water  over  them,  they  cannot  be  raised,  even  if  the  watchman 
is  present  and  active. 

Another  thing.  What  is  the  sense  in  having  a  spillway  to  take 
care  of  the  flood  and  then  filling  it  full  of  flashboards  fastened 
down  ?    So  we  specify : 

**  Flashboards  may  be  used  in  spillways  up  to  a  height  of  one 
half  the  clear  height  of  the  spillway,  if  the  flashboards  are  not 
fastened  in  any  way  and  if  they  will  float  off  by  their  own  buoy- 
ancy when  overtopped  by  the  water.  The  uprights,  against 
which  the  flashboards  rest,  may  be  fastened  to  the  spillway,  but 
the  top  of  the  upright  should  be  inclined  slightly  downstream." 

I  think  I  will  not  take  up  any  more  of  your  time  now.  The 
other  provisions  in  this  code  you  will  get  in  due  course,  when  the 
code  is  printed.  I  think  it  will  be  up  to  the  times  and  will  contain 
a  great  many  things  which  have  never  been  put  in  specifications 
before;  and  when  it  is  printed  I  hope  to  have  the  cooperation  of 
engineers  all  over  the  country,  and  if  there  are  any  defects  we 
should  like  to  have  them  pointed  out.  This  is  not  the  work  of 
one  man;  we  want  the  consensus  of  the  opinions  of  engineers  so  as 
to  get  the  very  best  standard  for  the  state  of  New  York.  I  thank 
you  very  much  for  your  attention. 

Mr.  T.  H.  McKenzie.  Is  this  a  part  of  the  standard  specifica- 
tions you  send  to  engineers? 

Mr.  McKim.  This  is  from  the  code  that  we  are  getting  out 
for  their  use. 

Mr.  McKenzie.  And  you  send  it  to  engineers  who  are  planning 
dams  before  they  plan  them? 

Mr.  McKim.    That  is  the  idea. 

Mr.  McKenzie.  Speaking  of  gates,  do  you  allow  the  use  of 
Taintor  gates  operated  by  power? 

Mr.  McKim.  That  is  a  question.  I  do  not  like  the  idea  myself 
of  relying  entirely  on  Taintor  gates,  although  we  have  passed 
them.  If  these  gates  were  automatic  and  reliable,  or  could  be  so 
made,  I  would  have  no  objection,  but  when  they  have  to  be 
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operated  by  mechanism  which  may  be  out  of  order  at  the  critical 
moment,  or  the  person  who  is  going  to  operate  them  may  not  be 
there,  I  do  not  approve  of  them. 

Mr.  McKbnzie.  I  wanted  to  know  what  you  said  in  your 
specifications. 

iln,  McKiM.  That  is  what  we  say,  —  that  they  cannot  rely 
on  any  mechanism  for  relieving  the  flow  which  is  operated  auto- 
matically. 

Mr.  Arthur  A.  Reimer.  I  would  like  to  ask  Mr.  McKim  if 
the  code  from  which  he  has  quoted  is  in  such  form  that  if  we  were 
to  write  to  him  as  individuals  we  could  get  at  least  some  of  the 
principal  points  from  it. 

Mr.  McKim.  Certainly;  I  have  many  letters  every  week  of 
that  kind.  If.  you  will  state  the  character  of  the  dam,  whether 
stone  or  earth,  I  will  give  you  everything  we  have  bearing  upon  it, 
and  will  be  glad  to  do  so.    I  am  doing  it  right  along. 

Mr.  Reimer.  I  am  not  living  in  New  York,  and  1  was  simply 
wondering  if  we,  as  members  of  the  Association  interested  in 
engineering  subjects,  could  get  it. 

Mr.  McKim.  I  would  be  glad  to  send  the  whole  code  to  you 
as  soon  as  the  commission  has  it  printed. 

Mr.  Reimer.  It  seems  to  me  that  we  have  had  a  very  good 
line  of  specifications  or  provisions  given  us  by  Mr.  McKim,  and 
some  very  happy  ideas,  and  I  wish  that  he  might  allow  the  Associa- 
tion to  have  a  copy  of  the  full  code  so  that  it  could  be  incorporated 
in  the  report  of  these  proceedings,  at  any  rate.  Could  you  furnish 
it  to  us? 

Mr.  McKim.  1  will  ask  permission  to  do  that.  It  has  not 
been  given  out  as  a  whole  yet,  and  there  is  a  power  above  me 
which  must  be  consulted.  I  am  willing  personally  to  give  out  all 
I  can,  whenever  I  can. 

Walter  C.  Simmons,  Esq.*  {by  letter).  The  following  is  the 
Act  creating  the  Commissioner  of  Dams  and  Reservoirs  of  the 
State  of  Rhode  Island.  Although  it  has  been  amended  in  a  few 
unimportant  points,  it  is  practically  as  the  act  now  stands  on  the 
statute  books. 

*  Commissioner  of  Dama  and  Reaervoirs.  Providence,  R.  I. 
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GENERAii  Laws  of  the  State  of  Rhode  Island  and 

Providence  Plantations. 
Chapter  124. 

(a8   AIOBNDKD   TO    APRIL    13,    1906.) 
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Of  the  Inspection  of  Mill  Dams  and  Reservoirs. 

Section  1.  The  governor  shall  at  the  January  session  of  the 
general  assembly  in  the  year  1901  and  in  each  third  year  thereafter, 
with  the  advice  and  consent  of  the  senate,  appoint  some  competent 
civil  engineer  to  be  commissioner  of  dams  and  reservoirs.  The  per- 
son so  appointed  shall  hold  his  oifice  until  the  first  day  of  February 
in  the  third  year  after  his  appointment.  Any  vacancy  which  may 
occur  in  said  office  when  the  senate  is  not  in  session  shall  be  filled 
by  the  governor  until  the  next  session  thereof,  when  he  shall,  with 
the  advice  and  consent  of  the  senate,  appoint  some  such  person  to 
fill  such  vacancy  for  the  remainder  of  the  term. 

Sec.  2.  The  commissioner  of  dams  and  reservoirs  shall  make  a 
thorough  inspection  of  every  dam  and  reservoir  in  the  state  as  often 
as  may  be  necessary  to  keep  himself  informed  of  the  condition 
thereof;  and  shall  make  and  keep  a  record  of  the  result  of  such  in- 
spection, with  whatever  knowledge  he  shall  obtain  in  reference  to 
each  dam  or  reservoir,  and  shall  make  an  annual  report  of  his 
doings  in  his  said  office,  in  the  month  of  January,  to  the  governor. 

Sec.  3.  Every  person  owning,  maintaining,  or  having  control 
of  any  dam  or  reservoir  shall,  upon  written  request  therefor, 
furnish  to  the  commissioner  of  dams  and  reservoirs  as  full,  true, 
and  particular  description  of  such  dam  or  reservoir  as  may  be 
practicable;  and  shall,  as  soon  as  may  be  after  said  request,  cause 
to  be  made  all  such  necessary  surveys,  plans,  and  drawings  thereof 
as  may  be  required  by  the  commissioner. 

Sec.  4-  No  dam  or  reservoir  shall  be  constructed  or  substan- 
tially  altered  until  plans  and  specifications  of  the  proposed  work 
shall  have  been  filed  with,  and  approved  by,  the  commissioner. 

Sec.  6.  The  commissioner,  on  application  made  to  him  in  writ- 
ing by  any  person  owning  or  representing  property  liable  to  injury 
or  destruction  by  the  breaking  of  any  dam  or  reservoir,  or  on  such 
application  made  by  any  mayor  or  board  of  alderman  of  any  city,  or 
by  the  town  council  of  any  town,  on  account  of  danger  of  loss  of 
life,  or  of  injury  to  any  highway  or  bridge  therein,  from  the  break- 
ing of  any  dam  or  reservoir,  or,  without  such  complaint,  whenever 
he  shall  have  cause  to  apprehend  that  any  dam  or  reservoir  is 
unsafe,  shall  forthwith  view  and  thoroughly  examine  such  dam  or 
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reservoir.  And  if  in  the  judgment  of  the  commissioner  such  dam 
or  reservoir  be  not  sufficiently  strong  to  resist  the  pressure  of  water 
upon  it,  or  if  from  any  other  cause  the  commissioner  shall  determine 
such  dam  or  reservoir  to  be  unsafe,  or  if  in  his  judgment  there  is 
reasonable  cause  to  believe  that  danger  to  life  or  property  may  be 
apprehended  from  such  unsafe  dam  or  reservoir,  the  commissioner 
shall  determine  whether  the  water  in  such  reservoir  shall  be  drawn 
off  in  whole  or  in  part,  and  what  alterations,  additions,  and  repairs 
are  necessary  to  be  made  to  such  dam  or  reservoir  to  make  the  same 
safe,  and  shall  forthwith,  in  writing  under  his  hand,  notify  the 
owner  or  person  having  control  of  such  dam  or  reservoir  to  cause 
such  additions,  alterations,  and  repairs  in  said  dam  or  reservoir 
to  be  made  within  a  time  to»be  limited  in  such  notice;  and  may 
order  the  water  in  said  reservoir  to  be  drawn  oflf,  in  whole  or  in 
part,  as  said  commissioner  may  determine. 

Sec,  6.  If  the  owner  or  person  having  the  control  of  any  dam 
or  reservoir,  who  shall  be  required  to  draw  off  the  water,  or  a  por- 
tion of  the  water,  in  any  reservoir,  or  to  make  alterations  in  any 
reservoir,  or  repairs  thereon  or  additions  thereto,  in  the  manner 
prescribed  in  the  preceding  section,  shall  not  forthwith  proceed  to 
comply  with  such  requirement,  or  shall  not  prosecute  the  work, 
when  commenced,  with  reasonable  expedition,  the  commissioner 
of  dams  and  reserv^oirs  shall  make  out  a  complaint  in  which  he 
shall  set  forth  the  condition  of  the  said  dam  or  reservoir,  and  the 
steps  he  has  taken  to  cause  the  water  to  be  drawn  off  therefrom 
and  for  the  alteration  or  repair  thereof,  or  to  have  additions  made 
thereto  to  secure  the  safety  of  such  dam  or  reservoir,  and  the 
default  of  the  owner  or  person  having  control  thereof  in  drawing 
oflf  the  water,  repairing,  altering,  or  in  making  addition  to  such 
dam  or  reservoir,  and  that  the  safety  of  life  and  property  is  endan- 
gered by  such  default,  and  shall  subscribe  the  same,  and  deliver 
such  complaint  to  the  attorney-general  or  to  the  assistant  attorney- 
general,  who  shall  present  the  same  to  the  appellate  division  of  the 
supreme  court,  with  a  petition  in  the  nature  of  an  information, 
ex-officiOj  praying  that  the  person  owning  or  controlling  such  dam 
or  reservoir  may  be  required  and  ordered  forthwith  to  comply 
with  the  requirements  of  the  commissioner  of  dams  and  reservoirs 
theretofore  made  in  the  premises,  or  with. such  other  orders  as  may 
be  made  by  the  court,  to  secure  all  persons  having  reasonable 
cause  to  apprehend  injury  to  life  or  property  from  the  unsafe 
condition  of  such  dam  or  reservoir.  Upon  the  filing  of  such  peti- 
tion a  citation  shall  issue  to  the  person  controlling  or  owning  such 
dam,  commanding  him  to  appear  at  a  time  and  place  therein 
named,  to  show  cause,  if  any  exists,  why  the  relief  prayed  for  shall 
not  be  granted;  and  the  court  shall  summarily  proceed  to  hear  the 
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said  cause;  and  upon  hearing  the  parties,  or  by  proceeding  ex- 
parte,  if  the  respondent  fail  to  appear,  the  court  may  pass  such 
order  and  decreee  in  the  premises  as  will  effectually  secure  the 
persons  interested  from  danger  or  loss  from  the  breaking  of  the 
dam  or  reservoir  complained  of;  and  the  court  may  enforce  such 
orders  and  decree  by  injunction,  process  for  contempt,  by  seques- 
tration, or  by  such  other  process  as  may  be  applicable  in  such 
cases. 

Sec.  7.  The  commissioner  to  be  appointed  under  the  first  sec- 
tion of  this  chapter  may  employ  a  consulting  engineer  in  any 
specific  case  in  which  the  exigencies  of  the  case  may  require  it. 
The  compensation  of  such  consulting  engineer  shall  be  allowed  by 
the  governor,  and  be  paid,  upon  the  order  of  the  state  auditor,  out 
of  any  money  in  the  treasury  not  otherwise  appropriated. 

Sec.  8.  All  necessary  expenses  incurred  by  the  commissioner 
of  dams  and  reservoirs  in  the  discharge  of  his  duty  shall  be  paid 
from  the  funds  of  the  state,  upon  presentation  of  the  proper 
vouchers  approved  by  the  governor:  Provided^  that  not  more  than 
three  hundred  and  fifty  dollars  shall  be  expended  by  said  commis- 
sioner in  the  aggregate  in  any  one  year.  For  the  purpose  of  carry- 
ing this  act  into  effect  the  sum  of  three  hundred  and  fifty  dollars^ 
or  so  much  thereof  as  may  be  necessary,  is  hereby  appropriated  out 
of  any  money  in  the  treasury  not  otherwise  appropriated;  and 
the  state  auditor  is  hereby  authorized  to  draw  his  orders  on  the 
general  treasurer  from  time  tq  time  for  such  sums  as  may  be 
necessary,  upon  the  presentation  of  properly  authenticated 
vouchers. 

Sec,  9.  Said  commissioner  may,  in  the  discharge  of  his  duties, 
enter  upon  and  pass  over  private  property  without  rendering 
himself  liable  in  an  action  of  trespass. 
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CERTAIN  LEGAL  ASPECTS  OF  WATER-POWER 
DEVELOPMENT  IN  MAINE.* 

BY  CYRUS  C.  BABB,  M.  AM.  BOC.  C.  E., 
CHIEF  ENGINEER,  MAINE  STATE  WATER  STORAGE  COMMISSION. 

[Read  September  18,  101t.] 

INTRODUCTION. 

The  writer  approaches  this  subject  with  considerable  hesitancy, 
as  he  makes  no  pretensions  to  a  training  in  law.  He  was  impelled 
to  look  into  the  law  of  waters  by  the  numerous  requests  that  were 
received  in  the  office  of  the  Commission  regarding  the  legal  features 
of  water-power  development  in  the  state  of  Maine.  Furthermore, 
certain  questions  occurred  to  him  in  his  consideration  of  a  policy 
to  be  adopted  by  the^ate  for  the  development  of  its  water-powers, 
or,  as  the  Water  Storage  law  requires,  "  to  report  a  comprehensive 
and  practical  plan  for  the  improvement  and  creation  of  such 
water-storage  basins  and  reservoirs  as  will  tend  to  develop  and 
conserve  the  water-powers  of  the  state." 

Extracts  from  a  number  of  decisions  have  been  noted  that  have 
been  of  great  interest  to  the  writer  as  bearing  directly  on  the 
subject-matter,  and  it  is  believed  will  be  of  general  interest  to 
engineers,  especially  to  those  practicing  in  New  England.  The 
quotations  given  below  are  more  in  the  nature  of  an  introduction 
to  a  proposed  bill  providing  for  state  supervision  of  the  construc- 
tion of  dams,  the  regulation  of  storage  reservoirs,  and  the  taxation 
of  water-powers. 

A  large  number  of  court  decisions  have  been  read,  but  the 
citations  given  below  are  intended  to  represent  general  principles 
and  not  special  or  unusual  cases.  Full  references  are  given,  so 
that  the  facts  on  which  the  decisions  were  based  can  be  looked 
up,  and  the  subject  pursued  further  if  desired,  as  each  case  generally 
has  references  to  other  similar  ones. 

FEATURES  OF  LAW. 

Water-power  and  water-storage  developments  in  Maine  have 
been  based  mainly,  in  so  far  as  legal  features  are  concerned,  on  the 

*  A  table  of  contents  for  this  paper  will  be  foimd  on  page  226. 
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Colonial  Ordinances  of  1641-47;  the  so-called  Mill  Act;  the 
common  law  of  waters;  to  a  lesser  degree,  the  act  relating  to  the 
improvement  of  marshes,  meadows,  and  swamps;  the  several 
acts  relating  to  the  procedure  for  the  organization  of  corporations; 
and  the  various  decisions  of  the  law  courts  of  the  state  of  Maine 
hearing  on  these  acts. 

r 

Colonial  Ordinances,  1641-47. 

This  act,  first  adopted  by  the  General  Court  of  the  Colony  in 
1641  and  amended  in  1647,  reo^ds  as  follows: 

Libertiea  Common. 

2.  Every  inhabitant  who  is  an  householder  shall  have  free 
fishing  and  fowling  in  any  great  ponds,  bayes.  Coves,  and  Rivers 
so  far  as  the  Sea  ebbs  and  flows,  within  the  precincts  of  the  towne 
where  they  dwell,  unless  the  freemen  of  the  same  Towne  or  the 
General  Court  have  otherwise  appropriated  them.  Provided 
that  no  Towne  shall  appropriate  to  any  particular  person  or  per- 
sons, any  great  Pond  containing  more  than  ten  acres  of  land,  and 
that  no  man  shall  come  on  another  man's  propriety  without  their 
leave  otherwise  than  as  hereafter  expressed.  The  which  clearly 
to  determine,  It  is  Declared,  That  in  all  Creeks,  Coves  and  other 
places,  about  and  upon  Salt-water,  where  the  Sea  ebbs  and  flows, 
the  proprietor  of  the  land  adjoining,  shall  have  propriety  of  the 
low-watermark  where  the  Sea  does  not  ebb  above  a  hundred  rods, 
and  not  more  wheresoever  it  ebbs  further.  Provided  that  siich 
proprietor  shall  not  by  this  liberty,  have  power  to  stop  or  hinder 
the  passage  of  boates  or  other  vessels^  in  or  through  any  Sea,  Creek, 
or  Coves,  to  other  men's  houses  or  lands.  And  for  great  Ponds 
lying  in  common,  though  within  the  bounds  of  some  Towne,  it 
shall  be  free  for  any  man  to  fish  and  fowle  there  and  may  pass  and 
repass  on  foot  through  any  man's  propriety  for  that  end,  so  they 
trespass  not  on  any  man's  Com  or  Meadow. 

A  case  recently  decided  by  the  Supreme  Judicial  Court  of  Maine 
covers  in  an  interesting  and  thorough,  although  concise  manner, 
the  early  history  of  the  various  acts  of  the  colonial  courts  and 
legislatures  upon  which  the  law  of  Maine  is  based.  (See  Conant 
V.  Jordan,  107  Me.  227.) 

Decisions  of  Law. 

Many  decisions  have  been  rendered  by  the  courts  on  these 
Colonial  Ordinances,  among  which  may  be  noted  the  following: 
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'^  Although  fishing  and  fowling  are  the  only  rights  named  in 
the  ordinance,  it  has  always  been  considered  that  its  object  was 
to  set  apart  and  devote  the  great  ponds  to  public  use,  and  that 
.  .  .  these  public  reservations,  at  first  set  apart  with  reference  to 
certain  special  uses  only,  become  capable  of  many  others  which 
are  within  the  designs  and  intent  of  the  original  appropriation. 
The  devotion  to  public  use  is  sufficiently  broad  to  include  them 
all,  as  they  rise."  (West  Roxbury  t;.  Stoddard,  7  Allen,  158. 
Watuppa  Reservoir  Co.  v.  Fall  River,  147  Mass.  548,  557.) 

It  is  a  rule  of  law  peculiar  to  Maine  and  Massachusetts  imder 
the  Colonial  Ordinance  of  1641-47  that  all  great  ponds  —  that 
is,  ponds  containing  more  than  ten  acres  —  are  owned  by  the  State. 

While  private  property  cannot  be  taken  for  public  use  without 
compensation,  the  waters  of  great  ponds  and  lakes  are  not  private 
property. 

Under  the  ordinance,  the  state  owns  the  ponds  as  public  prop- 
erty held  in  trust  for  public  uses.  It  has  not  only  the  jw5  prwaium, 
the  ownership  of  the  soil,  but  also  the  jus  publicum  and  the  right 
to  control  and  regulate  the  public  uses  to  which  the  ponds  shall 
be  applied. 

The  authority  of  the  state  to  control  waters  of  great  ponds 
and  determine  the  uses  to  which  they  may  be  applied  is  a  gover- 
mental  power,  and  the  governmental  powers  of  the  state  are  never 
lost  by  mere  non-use.  (Auburn  v.  Union  Water  Power  Co., 
90  Me.  577.) 

The  ordinance  has  been  held  to  be  broad  enough  to  justify  the 
state  in  granting  authority  to  a  certain  commission  to  forbid  the 
pubHc  navigating  the  waters  of  a  great  pond  set  aside  as  a  reservoir 
for  water  supply.  Defendant  denied  the  right  of  the  commis- 
sioners to  keep  him  off. 

Held:  **  There  is  no  doubt  that  the  control  of  the  great  ponds 
in  the  public  interest  is  in  the  legislature  that  represents  the  public. 
It  may  regulate  and  change  these  public  rights  or  take  them  away 
altogether  to  serve  some  paramount  public  interest.  .  .  .  The 
legislature  having  seen  fit  to  devote  the  waters  of  the  lake  to  a 
public  use  for  the  benefit  of  the  inhabitants  of  the  metropolitan 
water  district,  it  was  in  its  power  to  deprive  the  general  public 
of  the  right  to  go  upon  it  with  boats  or  otherwise,  on  the  ground 
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that  a  safe  and  advantageous  use  of  the  water  for  drinking^  and 
for  other  domestic  purposes,  would  be  best  promoted  by  terminat- 
ing this  former  right  and  putting  the  property  in  the  control  of 
the  water  board."     (Sprague  v.  Minon,  195  Mass.  581,  583.) 


The  waters  of  great  ponds  being,  by  virtue  of  the  ordinance, 
public  waters,  may  be  devoted  to  any  legitimate  public  use.  In 
the  case  of  Watuppa  Reservoir  Co.  v.  Fall  River,  147  Mass.  548, 
the  city  of  Fall  River  was  authorized  by  the  legislature  to  draw 
daily  one  million  five  hundred  thousand  gallons  of  water  from  the 
North  Watuppa  Pond  (a  great  pcnd)  and  to  "  apply  the  water 
taken  under  this  act  to  all  domestic  uses,  the  extinguishment 
of  fires,  and  to  the  public  use  of  the  city."  The  plaintiffs  were 
the  owners  of  manufacturing  establishments  on  the  only  outlet 
of  the  pond  and  were  owners  also  of  the  bed  and  land  on  either 
side  of  the  stream,  they  were  incorporated  for  the  purpose  of  con- 
structing a  reservoir  in  the  pond,  and  had  at  great  expense  acquired 
flowage  rights  all  around  the  pond,  built  a  dam,  raised  the  water 
of  the  pond,  and  were  maintaining  their  reservoir.  The  draw-off 
by  the  city  caused  actual  injury  to  plaintiffs,  who  contended  that 
the  statute  authorizing  such  withdrawal  of  water  without  com- 
pensation to  plaintiffs  was  unconstitutional. 


Held:  "  These  are  all  public  purposes.  The  legislature  acting 
on  the  conviction  that  an  abundant  supply  of  pure  water  to  the 
people  is  of  paramount  importance,  has  deemed  it  to  be  a  wise 
policy  to  appropriate  the  waters  of  this  pond  to  those  public 
uses  without  making  compensation  to  those  who,  owning  land  on 
the  natural  stream  flowing  from  it,  have  been  accustomed  to  use 
the  water  for  power  as  it  flows  through  the  stream.  Such  owners 
have  no  vested  rights  in  the  waters  of  the  pond,  and  a  majority  of 
the  court  is  of  the  opinion  that  the  Commonwealth  may  thus 
appropriate  the  waters  by  its  direct  action,  or  may  authorize  a 
city  or  town  to  do  so,  without  being  legally  liable  to  pay  any 
djunages  to  the  littoral  owners  on  the  pond  or  on  the  stream." 
(Watuppa  Reservoir  Co.  v.  Fall  River,  147  Mass.  548.) 

"  They  [the  colonists]  reserved  to  the  Colony  the  property  in 
the  ponds  themselves,  the  better  to  regulate  these  and  other 
kindred  public  rights  for  common  good."  "  The  ordinance  se- 
cures to  the  Commonwealth,  in  great  ponds,  the  same  kind  of 
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ownership  in  the  water  that  an  individual  purchaser  of  the  entire 
area  of  a  small  pond  would  get  by  a  perfect  deed,  or  by  an  original 
grant  from  the  government  without  restrictions."  (Minority 
opinion,  Watuppa  Reservoir  Co.  v.  Fall  River,  147  Mass.  548.) 

In  the  case  of  the  state  of  Maine,  it  is  to  be  noticed  that  the 
exceptions  in  the  Colonial  Ordinance,  namely,  of  ponds  "  other- 
wise appropriated  "  by  the  freemen  of  a  town,  or  by  the  General 
Court,  have  never  applied  here  and  are  not  required.  We  know 
of  no  grants  by  towns,  nor  by  any  general  court.  Here  there 
were  no  apparent  limitations.  Here,  we  feel  bound  to  say,  the 
doctrine  of  the  English  common  law  of  private  ownership  in 
great  ponds  was  never  recognized  nor  adopted,  and  fowling  on  and 
fishing  in  them  was  free  from  the  beginning.  (Ccnant  v.  Jordan, 
107  Me.  240.) 

The  state  can  at  its  discretion  authorize  the  diversion  of  the 
waters  of  great  ponds  for  public  purposes  without  providing 
compensation  to  riparian  owners  upon  the  ponds  or  their  out- 
lets. (American  Woolen  Co.  v.  Kennebec  Water  District,  102 
Me.  153.) 

« 
It  is  too  late  in  the  history  of  the  question  in  this  state  to  con- 
tend that  the  state  has  not  the  constitutional  power  to  grant 
superior,  or  even  exclusive  privileges,  in  the  use  of  its  public 
rivers  to  persons  or  corporations.  The  state  represents  all  rights 
and  privileges  in  our  fresh-water  rivers  and  streams,  and  may 
dispose  of  same  as  it  seems  fit.  (Mullen  v.  Penobscot  Log  Driving 
Co.,  90  Me.  555.) 

The  extra  stores  of  water  collected  by  the  mill  owner  for  his 
use  are  his  own.  They  could  be  taken  by  the  state  for  the  public 
for  a  compensation.     (Pearson  v.  Rolfe,  76  Me.  389.) 

The  water  of  the  great  natural  ponds  or  lakes  cannot  be  law- 
fully drawn  down  below  their  natural  low  water  line,  without 
legislative  authority;    nor  under  the  mill  act. 

A  bill  in  equity  may  be  maintained  by  the  owner  of  land  bounded 
on  a  great  pond  to  restrain  by  injunction  mill-owners  on  the  outlet 
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from  drawing  off  the  water  in  such  pond  below  its  natural  low- 
water  mark  by  excavating  the  channel  or  deepening  the  outlet. 
(Femald  v,  Knox  Woolen  Co.,  82  Me.  48.) 

Lands  boimded  upon  fivers  above  the  ebb  and  flow  of  the  tide 
generally  extend  to  the  middle  of  the  stream,  but  lands  boimded 
on  fresh-water  lakes  and  ponds  extend  only  to  low-water  mark. 
(Stevens  v.  King,  76  Me.  198.) 

It  seems  that  land  bounded  on  a  natural  lake  or  pond  extends 
only  to  the  water's  edge;  otherwise  if  the  pond  is  artificial.  (Rob- 
inson V.  White,  42  Me.  209.) 

In  the  conveyance  of  land  bounded  on  a  fresh  water  pond, 
which  has  been  permanently  enlarged  by  means  of  a  dam  at  its 
mouth,  the  title  extends  to  the  low-water  mark  of  the  pond,  in  its 
enlarged  state.     (Wood  v,  Kelley,  30  Me.  47.) 

The  rule  of  common  law,  that  riparian  proprietors  own  to  the 
thread  of  fresh  water  rivers,  has  been  adopted  in  this  state. 
(Brown  v.  Chadboume,  31  Me.  9.) 

Below  the  line  of  low  water,  the  state  owns  the  beds  of  navigable 
rivers  and  great  ponds,  and  holds  them  in  trust  for  the  public  in 
accordance  with  the  Colonial  Ordinance  of  1647.  (Haynes  v, 
B&mti  Ice  Co.,  86  Me.  319.) 

A  navigable  stream  is  subject  to  public  use  as  a  highway  for  the 
purpose  of  commerce  and  travel. 

All  streams  of  sufficient  capacity  in  their  natural  condition  to 
float  boats,  rafts,  or  logs,  are  deemed  public  highways  and  as  such 
are  subject  to  the  use  of  the  public. 

Held:  "  That  the  Presque  Isle  stream  above  the  bridge  at 
Presque  Isle  village,  for  a  distance  of  thirty  miles,  is  a  navigable 
stream  in  fact,  etc.,  applies  to  passage  of  stream  by  boat  or  canoe." 
(Smart  v.  Aroostook  Lumber  Co.,  103  Me.  37.) 

The  Mill  Act. 

This  act  (Rev.  Stat.,  Chap.  94)  had  its  origin  in  Massachu- 
setts in*the  early  part  of  the  last  century  and  has  been  continued 
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with  slight  modifications  both  in  that  state  and  in  Maine  to  the 
present  time.  The  principles  have  been  handed  down  in  these 
two  states  alone,  although  some  features  of  them  have  been 
adopted  by  neighboring  states.  The  object  of  the  statute,  in  the 
preamble  to  this  law  at  its  origin,  was  as  follows: 

^*  Whereas,  it  has  been  found,  by  experience,  that  when  some 
persons  in  this  province  have  been  at  great  cost  and  expenses  for 
building  of  mills  serviceable  for  the  public  good  and  benefit  of 
the  town,  or  considerable  neighborhood  in  or  near  to  which  they 
have  been  erected,  that  in  raising  a  suitable  head  of  water  for 
that  service,  it  hath  sometimes  so  happened  that  some  small 
quantity  of  lands  or  meadows  have  been  thereby  flowed  and 
'damnified,  not  belonging  to  the  owner  or  owners  of  such  mill  or 
mills,  whereby  several  controversies  and  law  suits  have  arisen, 
for  the  prevention  whereof  for  the  future.  Be  it  therefore  en- 
. acted,"  etc.     (Ancient  Charters,  p.  404.) 

In  1795,  February  27,  the  legislature  of  Massachusetts  passed 
■an  additional  or  amendatory  act,  the  preamble  and  first  section  of 
which  are  as  follows: 

**  Whereas,  the  erection  and  support  of  mills  to  accommodate 
the  inhabitants  of  the  several  parts  of  the  state  ought  not  to  be 
discouraged  by  many  doubts  and  disputes;  and  some  special 
provisions  are  found  necessary  relative  to  the  flowing  of  adjacent 
lands,  and  mills  held  by  several  proprietors.  Therefore,  be  it 
•enacted,"  etc. 

"  That  when  any  person  hath  already  erected,  or  shall  erect 
^ny  water  mill  on  his  own  land  or  on  the  land  of  any  other  person, 
by  his  consent  legally  obtained,  and  to  the  working  of  such  mills 
it  shall  be  found  necessary  to  raise  a  suitable  head  of  water;  and 
in  so  doing  any  lands  shall  be  flowed  not  belonging  to  the  owner 
of  such  mill,  it  shall  be  lawful  for  the  owner  or  occupant  of  such 
mill  to  continue  the  same  head  of  water  on  the  terms  hereinafter 
mentioned." 

This  provision  was  incorporated  into  our  statutes  in  1821. 
The  intent  and  main  features  of  the  Mill  Act  in  question  are 
contained  in  the  first  four  sections,  which  are  as  follows : 

Erection  of  Mills  and  Dams,  and  Rights  of  Flowage. 

Sec.  1,  Any  man  may  on  his  own  land,  erect  and  maintain  a 
water  mill  and  dams  to  raise  water  for  working  it,  upon  and  across 
any  stream,  not  navigable;  or,  for  the  purpose  of  propellihg  mills 
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or  machinery  y  may  cut  a  canal  and  erect  walls  and  embankments 
upon  his  own  land,  not  exceeding  one  mile  in  length,  and  thereby 
divert  from  its  natural  channel  the  water  of  any  stream  not  navi- 
gable, upon  the  terms  and  conditions,  and  subject  to  the  regulations 
hereinafter  expressed. 

Sec,  2.  No  such  dam  shall  be  erected  or  canal  constructed  on 
the  same  stream;  nor  to  the  injury  of  any  mill  site,  on  which  a 
mill  or  mill  dam  has  been  lawfully  erected  and  used,  unless  the 
right  to  maintain  a  mill  thereon  has  been  lost  or  defeated. 

Sec.  3.  The  height  to  which  the  water  may  be  raised,  and  the 
length  of  time  during  which  it  may  be  kept  up  in  each  year,  and 
the  quantity  of  water  that  may  be  diverted  by  such  canal,  may  be 
restricted  and  regulated  by  the  verdict  of  a  jury,  or  report  of 
commissioners,  as  is  hereinafter  provided. 

Sec.  4.  Any  person,  whose  lands  are  damaged  by  being  flowed 
by  a  mill-dam,  or  by  the  diversion  of  the  water  by  such  canal, 
may  obtain  compensation  for  the  injury  by  complaint  to  the 
Supreme  Judicial  Court  in  the  county  where  any  part  of  the  lands 
are;  but  no  compensation  shall  be  awarded  for  damages  sus- 
tained more  than  three  years  before  the  institution  of  the  com- 
plaint. 

Decisions  op  Law. 

Numerous  decisions  of  the  courts  of  Maine  on  the  Mill  Act  have 
been  rendered  from  time  to  time,  among  which  are  the  following: 

Private  property  shall  not  be  taken  for  public  uses  without 
just  comi)ensation;  nor  unless  the  public  exigencies  require. 
(Const.,  Art.  1,  par.  21.) 

The  Mill  Act,  as  it  has  existed  in  this  state,  pushes  the  power  of 
eminent  domain  to  the  very  verge  of  constitutional  inhibition. 
If  it  were  a  new  question,  it  might  well  be  doubted  whether  it 
would  not  be  deemed  to  be  in  conflict  with  that  provision  of  the 
Constitution  cited  above.     (Jordan  v.  Woodward,  40  Me.  323.) 

Even  the  reasons  for  the  policy  which  occasioned  such  legisla- 
tion have  ceased  to  be  potential,  and  although  from  the  long  and 
iminterrupted  exercise  of  the  rights  of  mill-owners,  under  this  act, 
it  must  be  considered  constitutional,  yet,  no  extension  of  their 
rights  over  private  property  can  be  allowed  by  implication. 
(Jordan  v.  Woodward,  40  Me.  317.) 
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The  constitution  of  the  state,  Art.  1,  Sect.  21,  in  the  Declaration 
of  Rights,  provides  that  **  private  property  shall  not  be  taken 
for  public  uses,  without  just  compensation,  nor  unless  the  public 
exigencies  require.''  And  it  is  held  to  be  necessarily  implied 
that  private  property  cannot  be  taken  for  private  uses  without 
the  consent  of  the  owner,  with  or  without  compensation. 

Private  property  may  be  taken  by  the  sovereign  power  of  the 
government  in  the  exercise  of  the  right  of  eminent  domain  for 
purposes  of  public  utility. 

Interests  in  water,  as  well  as  in  land,  may  be  taken  by  virtue 
of  this  power,  and  both  are  equally  the  subjects  of  compensation. 
(Hamor  v.  Bar  Harbor  Water  Co.,  78  Me.  127.) 

Whether  a  public  exigency  exists  for  the  granting  of  the  exercise 
of  the  right  of  eminent  domain,  is  for  the  legislature  to  determine. 
Whether  the  use  for  wbich  it  is  granted  is  a  public  one,  the  court 
must  decide.     (Brown  v.  Gerald,  100  Me.  352.) 

Whether  there  is  such  an  exigency,  —  whether  it  is  wise  and 
expedient  or  necessary  that  the  right  of  eminent  domain  should 
be  exercised,  in  case  the  use  is  public, —  is  solely  for  the  determina- 
tion of  the  legislature.  The  legislature  however  cannot  make  a 
private  use  public  by  calling  it  so.  Whether  the  use  for  which  it 
is  granted  is  a  public  one  must  in  the  end  be  determined  by  the 
court.     (Brown  v.  Gerald,  100  Me.  360.) 

These  cases  relate  to  railroads,  water  companies,  boom  com- 
panies, canals,  and  the  improvement  of  public  streams.  As  to 
such  cases  there  is  now  no  doubt.  Their  uses  are  rightly  deemed 
public.  The  public,  or  such  part  of  the  public  as  has  occasion 
to,  may  directly  enjoy  them.  Such  uses  are  of  great  public 
benefit.     (Brown  v,  Gerald,  100  Me.  361.) 

We  think  it  should  be  conceded  that  the  taking  of  land  for  the 
purpose  of  supplying  the  public,  or  so  much  of  the  public  as  wishes 
it,  with  electric  lighting,  is  for  a  public  use.  .  .  ,  The  charter 
unquestionably  gives  the  company  the  right  of  eminent  domain 
for  the  purpose  of  supplying  a  current  for  electric  lighting.  (Brown 
r.  Gerald,  100  Me.  356.) 
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Saw  mills  and  grist  mills,  carding  mills  and  fulling  mills,  cotton 
gins  and  other  mills,  which  are  regulated  by  law,  and  obliged  to 
serve  the  public,  are  undoubtedly  a  public  use.  But,  as  respects 
all  other  kinds  of  mills,  although  they  may  be  a  public  benefit, 
they  are  not  a  public  use  within  the  meaning  of  the  constitution. 
(State  V.  Edwards,  86  Me.  102.) 

Manufacturing,  generating,  selliilg,  distributing,  and  supplying 
electricity  for  power,  for  manufacturing  or  mechanical  purposes, 
is  not  a  public  use  for  which  private  property  may  be  taken  against 
the  will  of  the  owner. 

A  corporation  empowered  by  its  charter  to  generate  and  transmit 
electric  power,  for  lease  or  sale,  and  having  granted  to  it  the  right 
of  eminent  domain,  does  not  by  accepting  the  provisions  of  its 
charter  become  a  quasi-public  corporation,  and  does  not  thereby 
become  invested  with  the  right  to  exercise  the  eminent  domain  for 
the  purpose  of  supplying  electric  power  for  manufacturing  pur- 
poses.    (Brown  v.  Gerald,  100  Me.  352.) 

The  legislature  has  the  constitutional  power  to  authorize  the 
erection  of  dams  upon  non-tidal  public  streams  to  facilitate  the 
driving  of  logs,  without  providing  compensation  for  mere  conse- 
quential injuries  where  no  private  property  is  appropriated. 

Where  such  a  dam,  erected  in  accordance  with  legislative  au- 
thority, causes  an  increased  flow  of  water  at  times  in  the  channel 
below,  thereby  widening  and  deepening  the  channel  and  wearing 
away  more  or  less  the  soil  of  a  lower  riparian  owner,  it  is  not  such 
a  taking  of  private  property  as  entitles  the  owner  to  compensa- 
tion. It  is  a  case,  of  damnum  absque  injuria,  (Brooks  v.  Cedar 
Brook  &  C.  Imp.  Co.,  82  Me.  17.) 

By  our  Mill  Act.,  Rev.  Stats.,  Chap.  94,  any  person  may  build 
upon  his  own  land  across  a  non-navigable  stream  a  water-mill  and 
dams  to  raise  a  head  of  water  for  working  it,  and  may  thereby 
flow  back  the  water  of  the  stream  upon  the  lands  above  as  high 
and  as  far  as  he  deems  necessary  for  the  profitable  working  of  his 
mill,  subject  only  to  the  conditions  and  restrictions  named  in  the 
act  itself.  The  land  owners  must  submit  to  the  flowage,  and  con- 
tent themselves  with  the  pecuniary  compensation  to  be  obtained 
through  proceedings  provided  by  the  statute.     Such  mill  owner 
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can  also  in  the  same  way  increase  the  height  of  his  dam  and  the 
extent  of  the  flowage  from  time  to  time  as  the  exigencies  of  his 
business  may  seem  to  him  to  require,  he  making  increased  com- 
pensation for  the  increased  flowage. 

But  there  is  one  important  and  absolute  exception  to  the 
above-named  statutory  right  to  retard  the  natural  flow  of  a 
stream:  "No  such  dam  shall  be  erected  (or  canal  constructed) 
to  the  injury  of  any  mill  (or  canal)  lawfully  existing  on  the  same 
stream."  (Section  2  of  Mill  Act,  Rev.  Stats.,  Chap.  94.)  It  follows, 
as  a  corollary,  that  when  a  second  mill  has  been  built  above  the 
flowage  of  the  first  and  older  mill  and  dam,  such  flowage  cannot 
be  increased  by  raising  the  dam  or  by  other  appliances  so  as  to 
lessen  the  original  efficiency  of  the  mill  above.  Whatever  the 
greater  age  of  his  mill,  the  right  of  a  mill  owner  to  increase  his 
head  of  water  ceases  when  the  flowage  begins  to  injure  the  opera- 
tion of  a  mill,  however  new,  if  already  lawfully  erected  before  the 
injurious  flowage  began.  So  long,  however,  as  the  additional 
flowage  does  not  reach  up  so  far  as  to  injuriously  affect  some  mill 
by  that  time  lawfully  erected,  the  right  to  increase  the  flowage  is 
unlimited  except  as  limited  by  the  statute  itself.  This  increase 
can  be  effected  by  raising  the  height  of  the  solid  dam,  by  the  use 
of  flashboards,  or  by  other  appliances.  The  owners  of  unoccupied 
water  powers,  or  mill  sites,  must  submit  to  have  them  flowed  out 
and  made  useless,  and  must  content  themselves  with  the  statutory 
compensation.  (National  Fibre  Board  Co.  v.  L.  &  A.  Electric 
Co.,  95  Me.  321.) 

The  plaintiff  whose  land  has  been  overflowed  by  a  reservoir  dam 
erected  by  the  defendants  upon  their  own  land,  but  for  the  use  of  a 
mill  not  owned  by  them  nor  standing  upon  their  land,  may  main- 
tain an  action  on  the  case  for  the  damages  caused  by  such  dam. 
The  process  by  complaint,  under  Rev.  Stats.  94  (Mill  Act),  cannot 
be  sustained  upon  these  facts.     (Crockett  v,  Millett,  65  Me.  191.) 

As  between  proprietors  of  dams  on  the  same  stream,  he  has  the 
better  right  who  was  first  in  point  of  time. 

Unless  the  plaintiff  abandoned  his  site,  the  temporary  destruc- 
tion of  his  dam  would  not  enable  the  defendant  to  acquire,  as 
against  the  plaintiff,  the  right  of  a  prior  occupant.  (Lincoln  v. 
Chadbourne,  56  Me.  197.) 
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• 

Mill  owners  have  a  right  to  maintain  their  dam  as  it  was  at  the 
time  of  the  deeds  to  them;  and  if,  through  want  of  repair  for  a 
series  of  years  subsequent  to  that,  it  lets  the  water  escape,  the 
owners  have  the  right  to  repair  and  tighten  it,  although  the  water 
is  thereby  raised  higher  and  retained  longer  than  it  was  while  the 
dam  was  in  a  dilapidated  condition.  (Butler  v.  Huse,  63  Me. 
447.) 

Natural  Flow. 

Thurber  v.  Martin,  2  Gray,  394,  was  an  action  of  tort  for  ob- 
structing the  natural  flow  of  the  water,  and  diverting  it  from  the 
plaintiff's  mill.  In  delivering  the  opinion  of  the  Court,  Chief 
Justice  Shaw  thus  stated  the  law  of  the  case: 

"  Every  man  has  the  right  to  the  reasonable  use  and  enjoyment 
of  a  current  of  running  water,  as  it  flows  through  or  along  his  own 
land  for  mill  purposes,  having  a  due  regard  to  the  like  reasonable 
use  of  the  stream  by  all  the  proprietors  above  and  below  him. 
In  determining  what  is  such  reasonable  use,  a  just  regard  must  be 
had  to  the  force  and  magnitude  of  the  current,  its  height  and 
velocity,  the  state  of  improvement  in  the  country  in  regard  to 
mills  and  machinery,  and  the  use  of  water  as  a*  propelling  power, 
the  general  usage  of  the  country  in  similar  cases,  and  all  other 
circumstances  bearing  upon  the  question  of  fitness  and  propriety 
in  the  use  of  the  water  in  the  particular  case."  (Davis  v.  Winslow, 
51  Me.  292.) 

Every  proprietor  of  land  on  the  banks  of  a  river  or  stream  has 
naturally  an  equal  right  to  the  use  of  the  water;  and  this  right  to 
use  implies  a  right  to  control,  detain,  and  even  diminish  the 
volume  of  the  water,  —  but  only  to  a  reasonable  extent. 

What  is  a  reasonable  detention  depends  upon  the  size  of  the 
stream,  as  well  as  upon  the  uses  to  which  it  is  subservient,  as  the 
detention  must  necessarily  be  sufficient  to  accumulate  the  head 
of  water  requisite  for  practical  use. 

The  right  of  detention  is  not  limited  to  time  necessary  for 
repairs  or  to  extraordinary  occasions,  but  applies  to  the  ordinary 
use  of  such  streams,  provided  it  be  not  an  unreasonable  use  or 
detention.     (Davis  v.  Getchell,  50  Me.  602.) 
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Thus  he  may  apply  it  to  domestic  purposes  or  purposes  of  irriga- 
tion, but  not  to  such  an  extent  as  unreasonably  to  diminish  its 
quantity.     (Davis  v.  Getchell,  50  Me.  604.) 

In  Pitts  V,  The  Lancaster  Mills,  13  Metcalf,  157,  the  defendants, 
owners  of  a  mill  and  dam  above  an  ancient  mill  dam  of  the  plain- 
tiffs, rebuilt  and  raised  that  dam  above  its  former  height,  whereby 
the  water  was  wholly  cut  off  from  the  plaintiff's  mill  for  a  period 
of  six  days,  greatly  to  his  detriment.  The  case  was  submitted 
to  the  Court  upon  an  agreed  statement  of  facts,  and  a  non-suit 
was  ordered,  the  Court  assigning  as  a  reason  therefor,  that  *'  this 
was  not  an  unreasonable  use  of  the  watercourse  by  the  defendants, 
and  that  any  loss  which  the  plaintiffs  temporarily  sustained  by 
it  was  damnum  absque  injuria,^^     (Davis  v.  Winslow,  51  Me.  292.) 

A  mill  owner  has  no  right  to  unnecessarily  and  unreasonably 
detain  water  from  those  who  have  a  right  to  use  it  subsequent 
to  his  own;  and  he  will  be  liable  in  damages  for  doing  so. 

What  is  a  reasonable  use  and  what  an  unreasonable  detention, 
are  questions  of  fact  for  the  jury.  (PhilUps  v.  Sherman,  64  Me. 
171.) 

The  new  dam  raised  the  outlet  some  three  feet,  and  held  the 
water  at  that  level,  but  did  not  divert  it.  No  more  water  was 
thereby  taken  from  the  stream  than  the  capacity  of  the  24-in. 
pipe  would  divert.  That  quantity  might  be  taken,  even  if  no 
water  should  be  left  to  flow,  in  the  natural  chaxmel.  The  natural 
flow  was  substantially  the  same  with  the  new  dam  as  with  the  old 
or  without  any  dam.  (Hamor  v.  Bar  Harbor  Water  Co.,  92  Me. 
364,  377.) 

In  the  case  of  Mullen  v,  Penobscot  Log  Driving  Co.,  90  Me.  655, 
the  defendant  was  a  company  chartered  by  the  legislature  for 
driving  all  logs  of  all  owners  in  the  West  Branch  waters,  and  the 
company  was  given  the  exclusive  control  and  management  of 
the  waters  of  the  river,  so  far  as  necessary  to  enable  it  to  success- 
fully execute  the  obligations  resting  upon  it,  an  obligation  in 
some  respects  partaking  of  the  character  of  a  public  trust. 
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Held:  the  plaintiff  was  not  entitled  even  to  the  natural  flow  or 
to  draw  from  the  reserves  of  water  in  order  to  create  what  would 
at  the  time  and  place  be  equivalent  to  the  natural  flow,  so  long 
as  the  company  needed  or  would  be  likely  to  need  the  same  water 
for  driving  its  own  logs  to  market.  The  defendant's  right  was 
the  superior  right.  The  plaintiff's  right  was  secondary  and 
conditional.  Such  is  the  inevitable  effect  of  the  grants  to  the 
company  by  the  legislature.  The  stores  of  water  are  accumulated 
by  using  the  natural  flow  until  the  necessary  head  is  obtained. 
It  was  not  that  the  defendant  company  would  not  let  the  water 
down  when  it  needed  its  use  itself,  but  the  plaintiff  desired  the 
use^and  advantages  of  it  in>  advance  of  the  use  of  it  by  the  company. 

Floatable  Streams. 

A  stream  which,  in  its  natural  condition,  is  capable  of  being 
commonly  and  generally  useful  for  floating  boats,  rafts  or  logs, 
for  any  useful  purpose  of  agriculture  or  trade,  though  it  be  private 
property,  and  though  it  be  not  strictly  navigable,  is  subject  to  the 
public  use,  as  a  passageway. 

Though  the  adaptation  of  the  stream  to  such  use  may  not  be 
continucus  at  all  seasons,  and  in  all  its  conditions,  yet  the  public 
right  attaches,  and  may  be  exercised  whenever  opportunities 
occur. 

When  a  stream  is  inherently,  and  in  its  nature,  capable  of  being 
used  for  the  purpose  of  commerce,  for  the  floating  of  vessels,  boats, 
rafts,  or  logs,  the  public  easement  exists. 

In  such  a  stream,  the  right  in  the  public  exists,  notwithstanding 
it  may  be  necessary  for  persons  floating  logs  thereon  to  use  its 
banks.     (Brown  v,  Chadboume,  31  Me.  9.) 

In  order  to  make  a  stream  floatable  it  is  not  necessary  that  it 
should  be  so  at  all  seasons  of  the  year.  It  is  sufflcient  if  it  have 
that  character  at  different  periods  with  reasonable  certainty  and 
for  such  a  length  of  time  as  to  make  it  profitable  for  that  purpose. 

The  question  is  whether  the  stream  is  floatable  without  the 
dam.  If  it  is  not,  the  plaintiff  could  not  avail  himself  of  the  fact 
that  it  is  made  so  by  the  defendant's  dam.  If  the  stream  was 
originally  private  property,  exclusively  so,  any  improvements  made 
upon  it  by  the  owner  would  give  the  public  no  rights  on  it.  But 
if  on  the  other  hand  the  stream  is  by  nature  floatable,  those  who 
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have  occasion  to  use  it  as  such  may  do  so  and  may  also  have  the 
benefit  of  such  improvements  as  may  be  put  upon  it  having 
reasonable  regard  to  the  rights  of  the  owner.  (Holden  v.  Robinson 
Co.,  65  Me.  216,  217.)  . 

The  judge  instructed  the  jury  that  if  the  river  in  its  natural 
state  was  capable  of  being  useful  for  floating  boats,  logs,  etc.,  for 
purposes  of  trade  or  agriculture,  the  plaintiff  was  entitled  to 
recover,  however  long  the  dam  of  the  defendant  might  have  stood; 
and  notwithstanding  his  use  of  the  river  had  been  open,  notorious, 
and  adverse,  and  although  no  logs  had  ever  been  floated  over  the 
falls  where  the  dam  now  is.     (Knox  v,  Chaloner,  42  Me.  150.) 

Whether  a  stream  is  capable  of  being  used  as  a  passageway  for 
the  purposes  of  commerce  is  a  question  of  fact  for  the  jury.  (Treat 
V.  Lord,  42  Me.  552.) 

The  presiding  judge  instructed  the  jury  that  if  Cold  Stream  was 
such  a  stream  as  the  public  would  have  an  easement  in  for  the 
driving  of  logs,  on  account  of  its  inherent  capacity  for  being  so 
used  .  .  .  that  the  right  of  way  was  in  the  waters,  and  the 
plaintiff  in  such  case  would  have  no  authority  to  prevent  its 
exercises;  that  he  could  by  law  erect  and  continue  his  dams  and 
mills,  but  was  bound  to  provide  a  way  of  passage  for  the  defend- 
ants' logs;  that  some  streams  are  entirely  private  property,  and 
some  are  subject  to  the  public  use  and  enjoyment;  that  the  test 
has  been  sometimes  held  to  consist  in  the  fact  whether  they  are 
susceptible  or  not  of  use  as  a  common  passageway  for  the  public. 
And,  by  request  of  plaintiffs'  counsel,  the  judge  instructed  the 
jury  "  that  if  the  stream  was  incapable  in  its  natural  state  of  being 
used  to  propel  logs  without  the  erection  of  dams  or  other  structures 
on  plaintiffs'  land,  there  could  be  no  public  servitude." 

The  judge  also  instructed  the  jury  that  the  law,  as  established 
in  this  state,  and  which  they  would  take  for  their  guide,  was,  that 
"  the  true  test  to  be  applied  in  such  cases  is  whether  or  not  a 
stream  is  inherently  and  in  its  nature  capable  of  being  used  for 
the  purposes  of  commerce,  for  the  floating  of  vessels,  boats,  rafts,  or 
logs  —  when  a  stream  possesses  such  a  character,  then  the  ease- 
ment exists,  leaving  to  the  owners  all  other  modes  of  use  not  in- 
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consistent  with  it  ";  that  a  stream  might  possess  such  a  char- 
acter, even  though,  when  the  forest  was  first  opened  on  its  shores, 
it  were  so  obstructed  by  fallen  trees,  brush  and  driftwood,  that 
neither  vessels,  boats,  rafts,  or  logs  could  be  floated,  through  its 
course,  upon  its  surface,  until  such  obstructions  had  been  removed; 
that,  perhaps,  many  such  streams,  when  the  forests  about  them 
were  first  opened,  would  need  such  clearing  out  before  they  could 
be  profitably  used;  and  that  it  was  a  question  for  the  jury  to 
determine,  from  the  evidence  in  the  case,  whether  or  not  the 
stream  was  inherently  and  in  its  nature  capable  of  being  used  for 
the  purposes  of  commerce,  for  the  floating  of  vessels,  boats,  rafts, 
or  logs.     (Treat  v.  Lord,  42  Me.  555,  556.) 

The  controversy  in  the'  case  of  Pearson  v.  Rolfe,  76  Me.  380, 
arcse  from  a  conflict  between  log-owners  and  mill-owners  as  to 
their  respective  rights  in  the  use  of  the  water  at  certain  falls  in 
the  Penobscot  River  in  the  town  of  Old  Town.  Pearson  repre- 
sents mill-owners,  Rolfe  represents  log-owners.  Pearson  has  mill 
structures  upon  his  privilege,  with  such  appendages  as  dam*?, 
sluices,  and  booms.  Rolfe  had  a  quantity  of  logs  in  the  river' 
which  he  was  imable  to  drive  over  the  dam  at  Pearson's  mills, 
unless  Pearson  would  shut  down  his  miU-gaieSy  thereby  suspending 
his  own  business  of  manufacturing,  until  water  enough  should 
accimiulate  in  his  mill-pond  to  float  the  logs  over.  This  Pearson 
refused  to  do,  basing  his  refusal  upon  the  allegation  that  the  drift- 
way in  the  dam,  without  shutting  down  his  working  gates,  afforded 
all  the  facility  for  floating  logs  by  his  mills  that  existed  in  the  river 
at  that  place  in  its  natural  stat^,  —  as  much  as  there  would  be, 
provided  his  mills  and  all  of  his  structures  were  entirely  out  of  the 
way.  Rolfe  contends  that  the  facts  were  otherwise,  but  further 
contends  that  Pearson,  even  if  he  represents  the  facts  truly,  having 
it  within  his  power  to  fmnish  more  water  than  the  natural  facility 
and  flow,  was  under  an  obligation  from  his  situation  to  do  so. 

The  counsel  for  Rolfe  contended  that  the  doctrine  of  rMsonable 
use  applied;  and  that,  if  the  river  in  its  natural  condition  would  not 
furnish  a  sufficient  flow,  Rolfe  was  entitled  to  the  use  of  the  river 
in  its  changed  condition  for  his  purposes.  We  think  this  position 
cannot  be  maintained.    Our  idea  is  that  the  doctrine  of  reasonable 
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use  does  not  apply  when  the  river  is  not  naturally  floatable;  but 
does  apply  when  it  is  naturally  floatable  or  log-navigable,  when 
both  parties  can  use  the  natural  flow  and  desire  to  use  it  at  the 
same  time.  We  are  well  satisfied  that,  whenever  logs  cannot  be 
driven  over  a  particular  portion  of  a  fresh  water  river  such  as  the 
Penobscot,  above  the  flow  and  ebb  of  the  tide,  while  in  its  natural 
condition,  such  portion  of  the  river  is  not  at  such  time  navigable 
or  floatable,  and  that  the  use  of  the  water  at  such  time,  and  place, 
belongs  exclusively  to  the  riparian  proprietor,  so  far  as  he  needs 
the  same  for  his  own  purposes. 

The  Penobscot  River  at  the  place  in  question,  as  before  inti- 
mated, was  floatable  only,  —  floatable,  because  capable  of  valu- 
able use  in  bearing  the  products  of  the  forests  to  markets  or  mills. 
A  floatable  stream  is  the  least  importai^t  of  the  classes  of  streams 
called  navigable.  Rolfe  had  the  right  to  use  the  river  so  far  as  it 
was  a  floatable  river,  in  such  parts  or  places  and  at  such  times  as  it 
was  floatable.  He  had  the  right  to  avail  himself  of  its  navigable 
capacity  for  floating  logs.  But  only  so  far  as  it  was  navigable  or 
floatable  in  its  natural  condition.  It  is  the  natural  condition  of  a 
stream  which  determines  its  character  for  public  use,  and  it 
must  be  its  navigable  properties  in  a  natural  condition  unaided 
by  artificial  means  or  devices.  It  is  well  settled  in  this  state  and 
elsewhere,  that,  if  a  stream  is  not  susceptible  of  valuable  use  to 
the  public  for  floatable  purposes,  without  erections  for  raising  a 
head,  it  cannot  legally  be  deemed  a  public  stream,  even  though  it 
might  be  easily  converted  into  a  floatable  stream  by  artificial 
contrivances.  .  Wadsworth  v.  Smith,  11  Me.  278;  Brown  v. 
Qhadboume,  31  Me.  9;  Treat  v.  Lord,  42  Me.  652;  Nuis.  (2d.  ed.), 
463,  and  cases. 

The  log  driver  takes  the  waters  as  they  run,  and  the  bed  over 
which  they  flow  as  nature  provides.  Nor  has  any  person  the 
right,  unless  upon  his  own  land,  or  under  legislative  grant,  to 
remove  natural  obstructions  from  the  bed  of  a  river  in  order  to 
improve  its.  navigation.    This  is  clear  from  the  same  authorities. 

On  the  other  hand,  what  rights  have  the  adjudged  cases  accorded 
to  the  riparian  proprietor  in  merely  floatable  and  non-tidal  streams? 
It  is  settled. in  thU  state  that  he  owns  the  bed  of  the  river  to  the 
middle  of  the  stream.     He  owns  all  the  rocks  and  natural  barriers 
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in  it.  He  owns  all  but  the  public  right  of  passage.  The  right  of 
passage  does  not  include  any  right  to  meddle  with  the  rocks  or 
soil  in  the  bed  of  the  river.  If  rocks  are  taken,  the  owner  may  sue 
in  trespass  for  the  act,  or  may  replevy  them  from  the  wrongdoer. 
(Pearson  v.  Rolfe,  76  Me.  383-386.) 

Let  it  be  borne  in  mind  that  the  complaint  against  Pearson  is 
not  that  he  kept  back  the  natural  flow,  but  that  he  refused  to  keep 
it  back,  —  that  he  would  not  shut  down  his  gates  and  suspend  his 
business  in  order  to  keep  it  back.  The  demand  was  that  he  should 
suspend  his  own  sawing  and  shut  down  his  mill-gates  until  the 
accumulation  of  water  in  the  mill  pond  might  be  enough  to  create 
a  navigable  flow  through  the  public  passage.     {Swpra^  p.  387.) 

Held:  A  mill-owner  upon  a  floatable  river  is  not  under  legal 
obligation  to  provide  a  public  way,  for  the  passage  of  logs  over  hjs 
dam,  better  than  would  be  afforded  by  the  naturtd  condition  of  the 
river  unobstructed  by  his  mills.  The  right  of  passage  is  to  the 
natural  flow  of  the  river  or  its  equivalent. 

Held:  A  mill-owner  is  not  under  legal  obligation  to  furnish 
any  public  passage  for  logs  over  his  dam  or  through  his  mills  at 
a  time  when  the  river  at  such  place,  in  its  natural  condition,  does 
not  contain  water  enough  to  be  floatable  if  unobstructed  by  mills, 
although  the  river  is  generally  of  a  floatable  character. 

Held:  Whenever  a  river,  with  mifls  upon  it,  is  floatable,  and  the 
mill-owner  and  those  who  want  to  float  logs  past  the  mills  are 
desirous  of  using  the  water  at  the  same  time,  all  parties  are  entitled 
to  reasonable  use  of  the  common  boom;  the  right  of  passage  is  the 
superior,  but  not  an  usurping,  excessive,  or  exclusive,  right;  the 
law  authorizing  mills  puts  some  incumbrance  upon  the  right  of 
passage.     {Supra,  p.  380.) 

The  reasonableness  of  the  use  depends  upon  the  nature  and  size 
of  the  stream,  the  business  or  purpose  to  which  it  is  made  subser- 
vient, and  on  the  ever-varying  circumstances  of  each  particular 
case.  Each  case  must  stand  upon  its  own  facts,  and  can  be  a 
guide  in  other  cases  only  as  it  may  illustrate  the  application  of 
general  principles.     {Supra,  p.  390.) 

Measurement  of  Water-Power. 

Grants  and  reservations  relating  to  water  and  water-power  are 
various  in  their  nature  and  effect.  Some  refer  to  a  certain  extent 
of  water-power  sufficient  for  the  propulsion  of  a  specific  mill  or 
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machinery:  Warner  v.  Cushman,  82  Me.  168;  Hammond  v. 
Woodman,  41  Me.  177;  Covel  v.  Hart,  56  Me.  518,  522;  Elliott 
V.  Sheperd,  25  Me.  371;  Ashley  v.  Pease,  18  Pickering,  268. 
Some  to  a  quantity  of  water  to  be  restricted  to  a  specific  purpose: 
Deshon  v.  Porter,  38  Me.  293.  Others  to  '*  such  quantity  of 
water  as  the  grantor  or  his  predecessor  have  been  accustomed  to 
use  ":  Avon  Man'f'g  Co.  v,  Andrews,  30  Conn.  476.  Still  others, 
to  such  quantity  of  water  as  will  flow  through  a  gate  of  specific 
dimensions  under  a  specific  head  of  water:  Bardwell  v,  Ames, 
22  Pickering,  333;  Tourtellot  v.  Phelps,  4  Gray,  373.  Head  is 
a  well-known  material  factor  in  determining  the  quantity  of  water 
which  will  pass  through  a  given  aperture  in  a  given  time.  Canal 
Co.  V,  Hill,  15  Wallace,  94,  102.  (Gray  v.  Saco  Water  Power  Co., 
85  Me.  528.) 

The  United  States  Supreme  Court  has  held  as  follows: 

A  grant  of  a  right  to  draw  from  a  canal  so  much  water  as  will 
pass  through  an  aperture  of  given  size  and  given  position  in  the 
side  of  the  canal  is  substantially  a  grant  of  a  right  to  take  a  certain 
quantity  of  water  in  bulk  or  weight.  "What  that  quantity  is  may 
be  ascertained  from  the  character  and  depth  of  the  canal,  the 
circumstances  under  which  the  water  is  to  be  drawn,  and  the 
state  of  things  existing  at  the  time  the  grant  is  made. 

The  grantee  will  be  entitled  to  draw  this  quantity  even  though 
it  may  be  necessary  to  have  the  aperture  enlarged  if  it  can  be  done 
without  injury  to  the  grantor.     (Canal  Co.  v.  Hill,  15  Wallace,  94.) 

• 

Where  a  grantor,  owning  all  the  water-power  on  both  sides  of 
a  stream,  conveyed  the  saw  mill  thereon,  "  with  the  right  of  use 
of  all  water  not  necessary  in  driving  the  wheel,  or  its  equal,  now 
used  to  carry  the  machinery  in  the  shmgle  mill,  —  meaning  to 
convey  a  right  to  all  the  surplus  of  water  not  required  for  the 
shingle  mill  or  other  equal  machinery,''  —  and  it  appeared  that,  at 
the  time  of  the  conveyance,  the  shingle  mill  contained  various 
other  machinery  besides  the  shingle  machine: 

Heldj  thai  the  parties  thereby  fixed  the  measure  of  the  water 
not  conveyed,  and  that  its  use  was  not  confined  to  the  specific 
purpose  of  driving  the  shingle  machine. 
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Hdd,  lAaft,  tiM^  the  on^er  of  the  shingle  mill  might  lawfully 
put  into  it  a  board  saw,  and  use  the  same,  provided  the  wheel  used 
for  propelling  it  consumed  no  more  water  than  was  previously 
used,  even  if  the  owner  of  the  saw  mill  thereby  lost  all  his  patrons. 
(Warner  v.  Cushman,  82  Me.  168.) 

A  reservation  of  water  necessary  and  sufficient  to  carry  two 
rim  of  mill  stones. 

Heldj  a  reservation  of  a  quantity  sufficient  for  the  purpose  with 
the  machinery  in  actual  or  contemplated  use  at  the  null  at  the 
time  the  reservation  was  made,  and  not  restricted  then  or  afterwards 
to  such  quantity  as  with  improved  machinery  and  facilities  would 
perform  the  same  work. 

Held,  also,  to  reserve  an  absolute  right  to  the  use  of  the  quantity 
of  water  named;  and  to  be  a  reservation  of  a  fixed  measure  of 
power  to  be  used  for  any  purpose,  and  not  confined  to  the  grist 
mill.     (Blake  v.  Madigan,  65  Me.  522.) 

A  grant  by  the  owner  of  a  dam  of  the  right  to  use  five  hundred 
square  inches  of  water,  for  the  purpose  of  creating  power,  as  a 
substitute  for  a  prior  grant,  in  which  the  head  was  not  mentioned, 
carried  by  implication  the  right  to  draw  the  water  from  the  dam, 
at  the  head  of  which  water  was  ordinarily  taken  xmder  the  prior 
grant.  (Oakland  Woolen  Co.  v.  Union  Gas  &  Electric  Co.,  101 
Me.  199.) 

The  Franklin  CJompany,  the  then  owner  of  a  dam  lawfully 
maintained  across  the  Androscoggin  River  at  Lewiston  for  raising 
a  head  of  water  for  generating  power,  granted  by  an  instrument 
of  indenture  to  the  City  of  Lewiston  the  right  to  draw  from  its 
dam  "  water  to  the  extent  of  600  horse-power  for  the  purpose  of 
pumping,"  etc.  (the  head  of  water  being  fixed  at  not  less  than  25 
ft.  nor  more  than  30  ft.).  After  full  consideration  of  the  subject 
matter  of  the  grant,  the  situation,  the  history  and  character  of 
the  negotiations,  and  all  the  language  used  by  the  parties  in  the 
instrument  finally  signed  by  them  as  defining  their  rights  and 
obligations,  thereunder,  held: 

a.  The  grant  is  not  of  water-power,  but  only  of  water  for 
power,  and  the  city  is  entitled,  not  to  a  certain  quantity  of  power, 
but  only  to  draw  a  certain  fixed  quantity  of  water  from  which 
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to  extract  as  much  power  as  it  may  by  its  own  agents  and  appli- 
ances. 

b.  From  the  evidence  and  the  admissions  of  the  plaintiff  it 
appears  that  the  phrase  "to  the  extent  of  600  horse-power" 
me^ns  in  its  connection^  efficient,  practical  horse-^power  upon  a 
well-understood  and  recognized  basis  of  seventy-five  per  cent,  of 
efficiency,  and  hence  the  city  is  entitled  to  draw  for  pumping 
purposes  water  to  the  extent  of  800  nominal  or  theoretical  horse- 
power and  no  more.  (Union  Water  Power  Co.  v.  Lewiston, 
101  Me.  565.) 

Some  time  in  the  80's  an  interesting  case  was  tried  in  one  of  the 
Maine  lower  courts,  known  as  the  "  Brunswick  Water  Case." 
Mr.  J.  Herbert  Shedd  testified  as  to  the  value  of  a  "  saw,"  a  term 
used  in  the  early  days  to  designate  the  horse^power  required  to 
operate  the  old  undershot  and  flutter  wheels  used  in  the  saw  mills 
on  the  Androscoggin  River  at  Brunswick.  His  results,  based  on 
several  different  methods  of  computations,  gave  one  ''  saw  "  equal 
to  120  nominal  horse-power,  or,  "  that  about  120  horse-power  of 
water  might  be  taken  to  be  the  measure  of  water  which  wAs  used 
anciently  to  run  one  saw."  This  was  not  effective  horse-power 
based  on  the  efficiency  of  the  wheels,  but  theoretical,  based  on 
the  discharge  and  head.  He  stated  that  the  old  flutter  wheels 
had  an  efficiency  of  from  one  sixth  to  one  eighth  of  ihe  total  power, 
and  that  the  actual  power  to  run  an  old-fashioned  saw  was  about 
15  to  20  horse-power. 

IMPROVEMENT  OF  MARSHES,  MEADOWS,  AND  SWAMPS. 

The  provisions  of  Revised  Statutes  entitled,  **  Improvement  of 
Marshes,  Meadows,  and  Swamps  "  (Chap.  26,  Sec.  42-70),  are 
important  as  bearing  on  developments  of  water  courses  in  this 
state  although  of  somewhat  lesser  importance  than  the  Mill  Act 
previously  described.     The  first  five  sections  read  as  follows: 

Sec,  42,  When  any  meadow,  swamp,  marsh,  beach,  or  other 
low  land  is  held  by  several  proprietors,  and  it  becomes  necessary 
or  useful  to  drain  or  flow  the  same,  or  to  remove  obstructions  in 
rivers  or  streams  leading  therefrom,  such  improvements  may  be 
effected  under  the  direction  of  commissioners  in  the  manner  here- 
inafter provided. 

Sec,  43,  Such  proprietors,  or  a  majority  of  them  in  interest,  may 
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apply  by  petition  to  the  Supreme  Judicial  Court  sitting  in  the 
county  where  the  lands  or  any  part  of  them  lie,  setting  forth  the 
proposed  improvements  and  the  reasons  therefor,  and  the  court 
shall  cause  notice  of  the  petition  to  be  given  in  such  manner  as  it 
may  judge  proper,  to  any  proprietors  who  have  not  joined  in  the 
petition,  that  they  may  appear  and  answer  thereto. 

Sec,  44-  If  upon  hearing,  it  appears  that  the  proposed  improve- 
ments will  be  for  the  general  advantage  of  the  proprietors,  the 
court  may  appoint  three  suitable  persons  as  commissioners,  who 
shall  be  sworn  to  the  faithful  discharge  of  their  duties;  view  the 
premises,  notify  parties  concerned,  hear  them  as  to  the  best  man- 
ner of  making  the  improvements,  and  prescribe  the  measures  to 
be  adopted  for  that  purpose. 

Sec.  45.  They  shall,  according  to  the  tenor  of  the  petition  and 
order  of  court,  cause  dams  or  dikes  to  be  erected  on  the  premises, 
at  such  places  and  in  such  manner  as  they  direct;  may  order  the 
land  to  be  flowed  thereby  for  such  periods  of  each  year  as  they 
deem  most  beneficial;  and  cause  ditches  to  be  opened  on  the 
premises,  and  obstructions  in  any  rivers  or  streams  leading  there- 
from to  be  removed;  and  they  shall  meet  from  time  to  time,  as 
may  be  necessary,  to  cause  the  works  to  be  completed  according 
to  their  directions. 

Sec.  4^.  They  may  employ  suitable  persons  to  erect  the  dams 
or  dikes,  or  to  perform  the  other  work,  under  their  direction,  for 
such  reasonable  wages  as  they  may  agree  upon;  unless  the  pro- 
prietors do  the  same  in  such  time  and  manner  as  the  commis- 
sioners direct. 

ORGANIZATION  OF  CORPORATIONS. 

The  procedure  for  the  organization  of  corporations  in  this  state 
is  in  accordance  with  the  provisions  of  law  as  follows:  Rev.  Stats., 
Chap.  47;  Pub.  Laws,  1903,  Chap.  235;  Pub.  Laws,  1905,  Chaps. 
85,  162,  171,  172;  Pub.  Laws,  1907,  Chaps.  16,  71,  86,  109,  154, 
172,  185. 

Section  2  of  Chapter  47  of  the  Revised  Statutes  has  an  im- 
portant bearing  on  what  follows  regarding  proposed  legislation 
for  the  creation  of  drainage  districts,  and  the  state  supervision  of 
the  construction  of  dams  and  control  of  reservoirs.  The  section 
in  question  is  as  follows: 

Acts  of  incorporation,  passed  since  March  seventeen,  eighteen 
hundred  and  thirty-one,  may  be  amended,  altered  or  repealed  by 
the  legislature,  as  if  express  provision  therefor  were  made  in 
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them,  unless  they  contain  an  express  limitation;  but  this  section 
shall  not  deprive  the  courts  of  any  power  which  they  have  at 
common  law  over  a  corporation  or  its  officers. 

PRESENT  STATE  SUPERVISION  OF  DAMS. 
Section  43  of  the  Mill  Act  (Rev.  Stats.,  94)  provides  as  follows: 

The  governor,  with  the  advice  and  consent  of  the  council,  shall 
annually  appoint  a  competent  and  practical  engineer,  a  citizen  of 
the  state,  who  shall  hold  said  office  until  his  successor  is  appointed 
and  qualified,  and  who  shall  upon  petition  of  ten  resident  tax- 
payers of  any  town  or  several  towns,  the  selectmen  or  assessors 
of  any  town^  or  the  county  commissioners  of  any  county,  inspect 
any  dam  or  reservoir  located  in  such  town  or  county,  erected  for 
the  saving  of  water  for  manufacturing  or  other  uses,  and  after 
personal  examination  and  hearing  the  testimony  of  witnesses 
summoned  for  the  purpose,  he  shall  forthwith  report  to  the  governor 
his  opinion  of  the  safety  and  sufficiency  thereof. 

The  paragraph  above  quoted  was  adopted  in  1875.  The  next 
section  provides  that,  in  case  the  dam  is  reported  as  unsafe,  the 
owners  shall  immediately  repair  same  and  in  default  thereof  may 
be  enjoined  from  the  use  of  the  dam,  and  the  waters  behind  the 
dam  may  be  discharged  therefrom.  When  the  dam  is  reported  as 
safe  the  expenses  of  inspection  shall  be  paid  by  the  state,  and  when 
adjudged  unsafe  and  insufficient,  by  the  owner  or  occupant  of  the 
dam. 

Since  1883  to  the  present  time,  nine  separate  accounts,  totaling 
$260.57,  have  been  paid  by  the  state  under  the  above  provisions 
of  law,  and  it  is  safe  to  assume  that  a  less  number  of  inspec- 
tions, if  any,  have  entered  the  decree  of  unsafe  and  insufficient. 

The  act  creating  the  State  Water  Storage  Commission  was 
passed  in  1909,  Section  4  providing  as  follows: 

Every  person,  firm  or  corporation  before  commencing  the 
erection  of  a  dam  for  the  purpose  of  developing  any  water-power 
in  this  state,  or  the  creation  or  improvement  of  a  water-storage 
basin  or  reservoir  for  the  purpose  of  controlling  the  waters  of  any 
of  the  lakes  or  rivers  of  the  state,  shall  file  with  said  commission 
for  its  information  and  use  copies  of  plans  for  the  construction 
of  any  such  dam  or  storage  basin  or  reservoir  and  a  statement 
giving  the  location,  height  and  nature  of  the  proposed  dam  and 
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appurtenant  structures,  and  the  estimated  power  to  be  developed 
thereby,  and  in  case  a  dam  is  to  be  constructed  solely  for  the 
purpose  of  water  storage  and  not  for  the  development  of  a  water 
power  at  its  site,  plans  and  statements  shall  be  filed  with  the 
commission  showing  the  extent  of  the  land  to  be  flowed,  the 
estimated  number  of  cubic  feet  of  water  that  may  be  stored  and  the 
estimated  effect  upon  the  flow  of  the  stream  or  streams  to  be 
affected  thereby.  Every  person,  firm  or  corporation  shall,  as 
soon  as  practicable,  after  this  act  takes  effect,  file  similar  plans, 
reports  and  estimates  in  relation  to  any  dam  or  storage  basin  or 
reservoir  then  in  the  process  of  construction  by  them. 

There  are  no  mandatory  provisions  compelling  the  filing  of 
plans,  and  there  is  absolutely  no  mention  of  a  state  examination  of 
the  suflSciency  of  the  design  or  provision  for  inspection  during 
eonstruction. 

PROPOSED  LEGISLATION. 

From  the  confusion  of  a  year  or  so  ago,  regarding  the  relation- 
ship of  the  public  to  quasi-public  service  companies  and  corpora- 
tions, a  method  of  procedure  is  slowly  being  evolved  in  the  various 
states.  It  is  largely  taking  the  form  of  the  appointment  of  public 
utilities  commissions  or  of  conunissions  with  similar  standings 
where,  through  their  powers  conferred  upon  them  by  legislative 
acts,  the  public  have  an  intimate  control  of  the  affairs  of  cor- 
porations. 

It  is  believed  that  some  kind  of  control  of  Maine's  water-powers 
and  storage  basins  should  be  exercised  by  the  state.  Develop- 
ment of  our  water-powers  is  progressing,  and  the  state  should 
encourage  every  effort  in  this  direction,  but  not  to  the  detriment 
of  its  present  or  future  interests.  Concentration  of  water-power 
control  and  mergers  of  various  companies  have  taken  place  during 
the  past  year  in  this  state,  and  it  is  believed  that  public  regulation 
is  necessary.  The  entire  subject  is  at  present  in  a  formative 
stage,  and  methods  of  procedure,  policies,  and  ideas  have  not  yet 
thoroughly  crystallized.  It  is  a  matter  for  discussion  and  con- 
sideration by  many  minds. 

A  bill,  introduced  late  in  the  session  of  the  last  legislature,  1911, 
having  the  approval  of  the  chief  engineer,  provided  for  state 
regulation  of  water-power  and  water-storage   companies.     Pro- 
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vision  was  made  for  enlarging  the  powers  of  the  State  Water 
Storage  Commission  and  placing  the  operations  of  the  act  under 
its  direction.  The  measure  in  question  was  something  entirely 
new  in  so  far  as  this  state  was  concerned,  but  it  contained  nothing 
that  had  not  been  adopted  by  one  or  the  other  of  several  states^ 
including  New  York,  Wisconsin,  Pennsylvania,  and  Oregon.  At 
the  time  given  for  the  hearing  of  the  bill  before  the  legal  affairs 
committee  of  the  legislature,  nearly  all  of  the  large  water-power 
interests  of  the  state  were  represented.  The  proponent  of  the 
measure  realized  that  it  was  late  in  the  session  for  adequate  con- 
sideration of  the  various  features  of  the  bill  and  he  therefore  sug- 
gested to  the  committee  that  the  bill  be  referred  to  the  next 
legislature,'  which  was  done. 

There  is  given  below  the  text  of  the  bill  proposed  by  the  chief 
engineer.  It  is  somewhat  modified  from  the  proposed  act  that 
was  referred  to  the  1913  legislature.  The  main  intent  of  many  of 
the  features  of  the  bill  is  to  place  the  operations  of  water-storage 
and  power-companies  under  an  engineering  commission.  Many 
diflSculties  that  now  come  before  the  legislative  committees  should 
be  obviated  through  its  operation.  The  following  is  a  brief  dis- 
cussion of  the  various  sections. 

Section  1  empowers  the  State  Water  Storage  Commission  to 
divide  the  state  into  drainage  districts  by  watershed  lines  for 
the  purpose  of  creating  administrative  districts  in  order  to  carry 
out  the  provisions  of  the  act. 

The  purpose  is  stated  to  be  the  state  control  and  regulation  of 
all  great  ponds  of  the  state  and  all  reservoirs  created  or  hereafter 
created  in  part  or  in  whole  on  any  state  lands  or  public  lot3.  The 
section  further  authorizes  the  commission  to  mark,  by  permanent 
monuments,  heights  to  which  water  may  be  raised  or  lowered  on 
the  reservoirs  of  the  state,  and  further  authorizes  the  commission 
to  supervise  the  time  and  extent  of  the  drawing  of  water  from  such 
reservoirs.  Some  such  control  is  deemed  necessary  on  account 
of  the  advantages  that  are  given  to  various  reservoir  companies 
by  later  provisions  of  the  act,  especially  Section  16,  given  below. 

Exceptions  have  been  taken  to  this  latter  provision  as  impairing 
existing  contracts  that  the  state  has  made  with  various  water- 
storage  companies  through  charters  granted  in  the  past.     It  is 
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believed  that  these  objections  cannot  stand  in  the  light  of  quota- 
tions given  above;  that  is,  the  decision  of  the  Supreme  Judicial 
Court  that  the  state  owns  great  ponds  and  that  the  state  has  not 
lost  the  authority  to  control  the  waters  of  such  great  ponds; 
and  the  declaration  of  the  Revised  Statutes  of  Maine  that  all 
charters  granted  since  1831  may  be  amended^  altered  or  repealed, 
by  the  legislature. 

Section  1  places  a  restriction  on  the  state  commission  by  re- 
quiring it  to  regulate  reservoirs  under  its  control  so  that  all  water 
users  shall  derive  the  grealbest  benefit. 

The  section  further  provides  that  an  appeal  may  be  had  from 
the  decisions  of  the  commission  to  a  board  of  arbitration  to  consist 
of  three  hydraulic  engineers  to  be  appointed  by  a  judge  of  the 
Supreme  Judicial  Court.  The  term  "  reservoir,"  as  used  in  the  bill, 
is  defined  as  any  storage  basin  having  an  available  capacity  of 
over  200  000  000  cu.  ft.  This  provision  was  inserted  in  order 
that  the  state  conmiission  would  be  relieved  of  the  operations  of 
small  reservoirs,  especially  those  created  by  mill  dams  on  the 
various  rivers  of  the  state.  The  200  000  000  cu.  ft.  capacity  is 
simply  an  arbitrary  figure  and  might  be  changed  if  deemed  advis- 
able. This  limiting  capacity  does  not  apply  to  reservoirs  created 
on  great  ponds,  as  it  is  believed  that  the  state  should  control  all 
reservoirs  on  all  the  great  ponds  of  the  state. 

Section  2  defines  the  term  ''  concession  "  within  the  meaning 
of  this  act. 

Section  3  declares  what  a  public  utility  is  within  the  meaning 
of  the  act. 

Section  4  of  the  bill  provides  that  the  drainage  districts  created 
shall  be  in  charge  of  district  superintendents  appointed  by  the 
commission  through  recommendation  of  the  various  water  users 
of  the  district  in  question.  This  provides  for  the  appointment  of 
men  intimately  familiar  with  the  basin,  by  the  water  users  in  that 
basin.  The  intent  of  this  feature  of  the  act  is,  that  in  case  any  of 
the  water  users  are  not  satisfied  with  the  acts  of  the  district  super- 
intendents, appeal  may  be  had  to  the  state  commission. 

Section  5  provides  that  any  engineers  of,  or  members  of,  the 
state  commission  shall  have  free  access  to  the  buildings  and  grounds 
of  water  storage  companies,  shall  have  access  to  books,  accounts, 
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and  plans  of  such  companies  as  are  necessary  for  the  purposes 
of  the  act. 

Section  6  is  an  important  section,  giving  authority  to  the  state 
commission  to  pass  upon  and  accept  or  reject  any  plan  for  dams 
constructed  in  the  state. 

The  rejection  of  the  plans  is  to  be  only  on  the  grounds  of  the 
inadequacy  of  engineering  features,  and  in  this  connection  a 
board  of  arbitration  is  furthermore  provided  for.  The  grounds 
for  this  section  are  on  account  of  public  safety  and  of  publicity. 
Up  to  the  present  time  the  state  of  Maine  has  not  felt  the  need 
of  suitable  engineering  supervision  of  plans  for  storage  or  power 
dams.  The  time  has  now  arrived,  however,  when  such  super- 
vision should  be  had  on  account  of  the  construction  of  larger  and 
higher  structures  of  this  nature. 

Section  7  provides  that  certificates  of  incorporation  of  water- 
storage  or  water-power  companies  shall  first  be  filed  with  the  State 
Water  Storage  Commission  before  they  are  approved  by  the 
attorney-general.  It  further  provides  that  such  certificates  shall 
designate  the  body  of  water  that  is  proposed  to  be  dammed. 

Section  8  has  a  similar  object  in  view  as  the  preceding  section, 
namely,  that  of  publicity,  in  that  no  sale,  assignment,  etc.,  of  any 
franchise  of  any  corporation  formed  for  the  development  of 
storage  or  water-power  shall  be  valid  until  it  has  been  filed  with 
the  Water  Storage  Commission. 

Section  9  provides  that  the  state  of  Maine  may  at  any  time  in 
the  future  take  over  the  physical  properties  of  any  corporations 
hereafter  organized  for  the  development  of  water  storage  in  the 
state.  This  is  the  usual  provision  now  inserted  in  legislative 
charters  for  large  water  storage  or  power  companies. 

Section  10  provides  that  time  limit  for  all  concessions  granted 
under  terms  of  this  act  shall  be  from  twenty-five  to  sixty  years, 
the  period  of  termination  being  determined  by  the  State  Water 
Storage  Commission  at  the  time  of  the  approval  of  the  concession. 
Provision  is  also  made  for  possible  extension  of  the  charter. 

Section  11  provides  for  an  annual  tax  on  the  gross  receipts  of 
all  water-power  companies.  The  first  draft  of  this  section  con- 
templated an  annual  tax  or  rental  based  on  the  horse-power 
developed,  with  provision  for  deduction  on  account  of  transmission 
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losses.  However,  there  is  an  objection  to  this  method  in  that  the 
man  that  sells  his  power  at  a  lower  rate  is  taxed  higher  than  one 
who  sells  his  power  at  a  higher  rate.  To  overcome  this  inequality 
the  tax  is  to  be  assessed  on  a  percentage  of  the  gross  receipts. 
Provision  is  made  for  the  tax  being  assessed  on  a  sliding  scale. 

Section  12  provides  a  penalty  for  non-payment  of  taxes. 

Section  13  requires  the  keeping  of  sujch  accounts  and  records  as 
the  commission  deems  necessary. 

Section  14  provides  that  whenever  the  owner  of  any  dam  desires 
to  take  or  overflow  any  land,  he  shall  apply  to  the  commission  for 
the  approval  of  his  request,  and  whenever  said  approval  is  given, 
right  of  eminent  domain  may  be  exercised  imder  the  so-called 
mill  act. 

Section  15  provides  that  whenever  the  owner  of  any  concession 
that  has  received  the  approval  of  the  State  Water  Storage  Com- 
mission desires  to  overflow  any  great  pond  or  any  public  lots  or 
state  lands,  application  shall  be  made  to  the  Water  Storage  Com- 
mission. The  said  commission  is  then  to  make  an  engineering 
investigation  of  the  matter  and  report  to  the  next  legislature  results 
of  its  investigations,  together  with  its  recommendations. 

Section  16  provides  for  the  reimbursement -to  p>ersons  or  com- 
panies who  make  expenditures  in  the  creation  or  improVement  of 
storage  reservoirs.  Such  owners  shall  be  paid  by  the  state  of 
Maine  all  reasonable  costs  of  operation  and  maintenance  and  a  net 
annual  return  for  twenty  years  of  five  per  cent,  of  the  cash  spent 
in  creating,  improving,  or  increasing  storage.  Furthermore,  all 
water  users  below,  who  are  benefited  by  such  increase,  shall  pay 
their  proportionate  share  of  the  cost  of  operation  and  mainte- 
nance of  the  reservoirs  and  their  proportional  amount  of  the  net 
annual  return  for  twenty  years  of  five  per  cent,  of  the  money 
invested.  In  other  words,  if  a  person  or  company  goes  to  the 
expense  of  creating,  increasing,  or  improving  storage,  they  are 
reimbursed  by  all  the  water  users  on  the  stream  benefited  thereby. 

Section  17  provides  for  the  installation  of  suitable  and  accurate 
meters  and  other  instruments  adequate  for  the  measurement  of 
electrical  energy  generated  by  any  person,  firm,  or  corporation  in 
the  state,  and  also  provides  for  a  penalty  in  case  such  meters  are 
not  installed  within  a  prescribed  limit  of  time.     The  commission 
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is  given  power,  however,  to  extend  the  time  in  which  the  in- 
stallation must  be  made  before  the  penalty  attaches. 

A  circular  letter  was  sent  to  the  various  light  and  power  com- 
panies in  the  state,  requesting  them  to  report,  among  other  mat- 
ters, the  total  annual  output  of  the  generators  in  kilowatt  hours. 
Answers  to  this  question  were  meager,  and  in  many  cases  where 
figures  were  given  they  were  estimated.  This  is  generally  due  to 
the  fact  that  many  companies,  especially  smaller  ones,  have  no 
measuring  devices  for  recording  the  total  annual  output  in  kilo- 
watt hours  of  generating  stations.  It  will  not  be  many  years 
before  a  Public  Utilities  Commission  is  created  by  statute  in  this 
state,  and  answers  to  the  questions  on  the  form  will  be  required 
by  that  commission. 

Section  18  provides  for  an  appeal  to  the  Supreme  Judicial  Court 

against  any  decisions  of  the  State  Water  Storage  Commission. 

« 

Drainage  District  Act. 

The  bill  in  question  is  as  follows: 

An  Act  for  the  creation  of  drainage  districts,  the  supervision 
of  the  construction  of  dams,  and  the  control  and  regulation  of 
storage  reservoirs. 

Be  it  enacted  by  the  People  of  the  State  of  Maine,  as  follows: 

Section  1.  The  State  Water  Storage  Commission  is  hereby 
authorized  and  empowered  to  divide  the  state  into  drainage  dis- 
tricts by  watershed  lines  for  the  purpose  of  controlling  and  regulat* 
ing  all  great  ponds  of  the  state  and  all  reservoirs  created  or  here- 
after created  in  part  or  in  whole  on  any  state  lands  or  public  lots 
of  the  state;  and  said  commission  is  hereby  authorized  and  em- 
powered to  mark  by  permanent  monuments  and  bench  marks  the 
heights  to  which  water  may  be  raised  or  lowered  on  the  great  ponds 
of  the  state  and  on  all  reservoirs  created  or  hereafter  created  on 
any  state  lands  or  public  lots  of  the  state;  and,  furthermore,  the 
said  commission  is  hereby  authorized  and  empowered  to  supervise 
and  control  the  times  and  extent  of  the  drawing  of  water  from  all 
great  ponds  and  from  the  reservoirs  created  or  hereafter  created 
on  any  state  lands  or  public  lots  of  the  state. 

All  reservoirs  under  the  supervision  and  control  of  the  State 
Water  Storage  Commission  shall  be  regulated  by  said  commission 
so  that  all  the  water  users  shall  derive  the  greatest  benefit. 

Provided,  however,  that  if  any  water  user  feels  himself  aggrieved 
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as  to  the  manner  of  said  regulation,  he  may  appeal  to  a  board  of 
arbitration  to  consist  of  three  hydraulic  engineers  to  be  appointed 
by  a  judge  of  the  Supreme  Judicial  Court,  the  cost  of  said  arbi- 
tration to  be  paid  by  the  party  requesting  the  arbitration. 

The  term  reservoir,  as  used  in  this  section,  shall  mean  any  storage 
basin  having  an  available  capacity  of  over  200  000  000  cubic  feet, 
provided,  however,  that  this  limiting  capacity  shall  not  apply  to 
any  reservoir  created  on  any  great  pond  of  the  state. 

Section  2,  The  term  "  concession  "  as  used  in  this  act  shall 
mean  and  embrace  every  certificate  issued  by  the  state  through 
the  State  Water  Storage  Commission  in  its  approval  of  any  plans 
and  statements  filed  with  it  in  accordance  with  the  provisions  of 
section  6  of  this  act,  or  of  every  certificate  issued  by  the  said 
commission  as  provided  for  in  sections  7,  8,  and  14  of  this  act. 

Section  3.  Every  person,  firm,  or  corporation,  their  heirs, . 
executors,  administrators,  successors,  assigns,  lessees,  trustees, 
or  receivers  appointed  by  any  court  whatsoever,  who  accepts, 
takes  and  holds  a  concession  for  the  erection  and  operation  of  a 
water  storage  reservoir  under  the  provisions  of  this  act,  is  hereby 
declared  a  public  utility. 

Section  4-  The  drainage  districts  created  under  the  provisions 
of  section  one  of  this  act  shall  be  in  charge  of  district  superin- 
tendents who  shall  report  to  and  receive  their  instructions  from 
the  chief  engineer  of  the  State  Water  Storage  Commission.  Said 
district  superintendents  shall  be  appointed  by  the  State  Water 
Storage  Commission  from  lists  of  persons  recommended  by  the 
water  users,  including  the  log-driving  associations,  the  water 
power  users  and  the  dam  and  reservoir  owners  of  the  respective 
drainage  districts.  Provided,  that  one  district  superintendent 
may  have  charge  of  more  than  one  drainage  district. 

Section  5.  For  the  purpose  of  carrying  out  the  provisions  of 
this  act,  or  for  any  other  lawful  purpose,  the  State  Water  Storage 
Commission,  the  chief  engineer,  or  any  other  engineer,  or  other 
person  appointed  by  said  commission  for  that  purpose,  shall  have 
free  access  to  all  parts  of  the  buildings,  structures  or  grounds 
utilized  by  the  owner  or  owners  of  any  concession  granted  under 
the  terms  of  this  act,  and  may  take  any  measurements  and  ob- 
servations, and  may  have  access  to  and  copy  from,  all  books, 
accounts,  plans  and  records  of  said  owner  or  owners,  as  are  neces- 
sary for  the  purposes  of  this  act. 

Section  6.  Every  person,  firm,  or  corporation,  before  com- 
mencing the  erection  of  a  dam,  or  the  enlargement  of  any  existing 
dam,  for  the  purpose  of  developing  any  water  power  in  this  state, 
or  the  creation  or  improvement  of  a  water  storage  basin  or  reser- 
voir for  the  purpose  of  controlling  the  waters  of  any  of  the  great 
ponds  or  rivers  of  the  state,  shall  file  with  the  State  Water  Storage 
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Commission  for  its  information  and  use,  copies  of  plans  for  the 
construction  of  any  such  dam  or  storage  basin  or  reservoir,  and  a 
statement  giving  the  location,  height  and  nature  of  the  proposed 
dam  and  appurtenant  structures  and  the  estimated  power  to  be 
developed  thereby  and  also  the  name  of  the  river,  stream,  lake^ 
pond,  or  other  body  of  water  from  which  it  is  proposed  to  use  water 
power,  or  on  which  it  is  proposed  to  store  water,  and  as  near  as 
may  be,  the  points  on  said  river,  stream,  lake,  pond,  or  other  body 
of  water,  between  which  said  water  power  or  storage  of  water  is 
proposed  to  be  taken  or  used  or  developed,  and  such  other  in- 
formation as  said  commission  may  require,  and  until  said  plans 
and  statements  are  filed  with  and  have  received  the  approval  of  a 
majority  of  the  members  of  said  commission,  and  until  a  certificate 
to  this  effect  has  been  issued,  and  the  concession  granted,  it  shall 
be  unlawful  to  start  construction  on  any  such  said  dam  or  dams 
or  appurtenant  structures;  and,  furthermore,  it  shall  be  unlawful 
to  change  or  modify  any  such  plans  or  any  designs  until  the  changes 
and  modifications  have  received  the  approval  of  a  majority  of  the 
members  of  said  commission,  and  until  a  certificate  to  this  effect 
has  been  issued  and  the  concession  granted;  provided,  however, 
that  the  rejection  of  any  plan  or  plans  shall  be  on  the  ground  of  the 
inadequacy  of  the  engineering  features  of  the  plans,  unless  a  great 
pond  or  state  land  or  public  lot  or  lots  are  involved;  and  provided, 
further,  that  in  case  of  the  rejection  of  plan  or  plans  on  account  of 
inadequacy  of  the  engineering  features,  recourse  may  be  had  to  a 
board  of  arbitration  as  provided  for  in  section  one.  Every  person, 
firm,  or  corporation  shall,  as  soon  as  practicable,  after  this  act 
takes  effect,  file  similar  plans,  reports  and  estimates  in  relation  to 
any  dam  or  storage  basin  or  reservoir  then  in  process  of  construction 
by  them. 

Section  7,  No  certificate  of  incorporation,  among  the  purposes 
of  which  are  the  development  of  water  storage  or  water  power  in 
this  state,  shall  be  approved  by  the  attorney-general  unless  said 
certificate  is  first  filed  with  the  State  Water  Storage  Commission; 
nor  unless  said  certificate  of  incorporation  shall  contain,  in  addi- 
tion to  the  statements  now  required  to  be  made,  the  name  of  the 
river,  stream,  lake,  pond,  or  other  body  of  water  from  which  it 
is  proposed  to  use  water  power,  or  on  which  it  is  proposed  to  store 
water,  and,  as  near  as  may  be,  the  points  on  said  river,  stream, 
lake,  pond,  or  other  body  of  water,  between  which  said  water 
power  or  storage  of  water  is  proposed  to  be  taken  or  used  or 
developed,  and  such  other  information  as  said  commission  may 
require;  nor  until  a  certificate  to  this  effect  has  been  issued  by  the 
State  Water  Storage  Commission  and  the  concession  granted. 

Section  8.  No  sale,  assignment,  disposition,  transfer,  or  con- 
veyance of  the  franchises,  and  all  the  property,  real,  personal,  and 
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mixed,  of  any  person  or  firm  engaged  in  the  development  of  water 
storage  or  water  power  in  thia  state,  or  of  any  corporation  hereto- 
fore or  hereafter  formed,  fpr  the  development  of  water  storage  or 
water  power  in  this  state,  to  any  other  such  corporation  or  to  any  ' 
person  or  firm,  shall  be  valid  until  a  certificate,  prepared  and  duly 
executed  by  the  president  and  secretary  of  the  corporation  so 
purchasing,  imder  the  seal  of  said  corporation,  or  by  such  person 
or  firm  designating  the  river,  stream,  lake,  pond,  or  €»ther  body 
of  water,  and  as  near  as  may  be,  the  points  on  the  said  river, 
stream,  lake,  pond,  or  other  body  of  water,  between  which  said 
water  power  or  storage  of  water  is  proposed  to  be  taken,  or  used, 
or  developed,  and  such  other  information  as  the  State  Water 
Storage  Commission  may  require,  has  been. filed  with  the  said 
commission;  nor  until  a  certificate  to  this  effect  has  been  issued 
by  the  State  Water  Storage  Commission  and  the  concession 
granted. 

Section  9.  All  the  property,  rights,  and  franchises  within  the 
state  of  Maine  acquired,  erected,  owned,  held  or  controlled  by  any 
corporation,  hereafter  organized  for  the  development  of  water 
storage  in  this  state,  or  its  successors  or  assigns,  at  any  time  after 
this  act  shall  take  effect,  under  and  by  virtue  of  the  terms  thereof, 
shall  be  subject  to  be  taken  over  by,  and  become  the  property  of 
the  state  of  Maine,  whenever  said  state  shall  determine  by  ap- 
propriate legislation  that  the  public  interests  require  the  same  to 
be  done.  Upon  the  taking  effect  of  such  legislation,  the  owner- 
ship of  said  property,  rights,  and  franchises  shall  immediately  be 
transferred  to,  and  vested  in,  said  state  of  Maine,  and  said  state 
shall  pay  to  the  owner  or  owners  thereof,  the  fair  value  of  all  the 
same,  excepting,  however,  such  franchises  and  rights  as  are  con- 
ferred upon  any  said  corporations  under  and  by  virttie  of  the 
provisions  of  any  legislative  act  or  acts  or  any  special  charter  or 
charters  owned  or  controlled  by  any  said  corporations,  which  said 
franchises  and  rights  shall  be  wholly  excluded  in  the  determina- 
tion of  the  amount  to  be  paid  to  any  said  corporations  by  said 
state  of  Maine.  Provided,  that  should  the  state  proceed  under 
this  section,  it  shall  assume  the  contracts  of  the  company  or  com- 
panies whose  property  it  takes. 

The  fair  value  of  the  property,  rights,  and  franchises  so  taken 
by  the  state  of  Maine,  subject  to  the  exceptions  hereinbefore 
mentioned,  shall  be  determined  by  agreement  between  any  said 
corporations  and  such  officers  and  agents  of  said  state  as  shp,ll  be 
thereunto  authorized  to  act  in  its  behalf  by  the  act  which  au- 
thorizes the  taking  of  said  property,  rights,  and  franchises;  and 
such  agreement  failing  within  six  months  after  said  r-cttiikes 
effect,  then  by  such  fair  and  impartial  tribunal  and  under  such 
provisions  as  to  the  manner  of  procedure  and  for  full  hearing  of   . 
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partly  and  payment  of  damages  awarded  as  shall  be  provided  in 
said  act. 

Section  10.  Any  concession  granted  under  the  terms  of  this  act 
shall  terminate  within  a  period  of  from  twenty-five  to  sixty  years 
from  the  date  of  approval  of  the  concession^  unless  earlier  taken 
over  by  the  state  under  the  provisions  of  section  seven  of  this  act, 
the  period  of  termination  being  determined  by  the  State  Water 
Storage  Commission  at  the  time  of  their  approval  of  the  concession 
in  question. 

At  the  expiration  or  earlier  termination  of  any  concession,  all 
rights  under  the  concession  shall  revert  to  and  become  the  prop)erty 
of  the  state  upon  the  state  making  just  compensation  for  the 
physical  property  to.  the  person,  firm,  or  corporation,  in  accordance 
with  the  provisions  of  section  nine  of  this  act;  provided,  how- 
ever, that  the  State  Water  Storage  Commission  may  extend  the 
concession  under  the  terms  of  this  act,  and  if  the  holder  of  any 
€uch  concession,  during  the  term  thereof,  has  complied  with  all 
the  laws  and  regulations,  said  holder  shall  have  a  preference  right 
to  renew  the  concession  on  reasonable  terms  laid  down  by  the 
commission,  and  in  case  said  holder  declines  to  accept  the  new 
concession,  the  State  Water  Storage  .Commission  shall  elect 
whether  the  state  shall  take  over  the  physical  property  in  ac- 
cordance with  the  provisions  of  section  nine  of  this  act,  or  whether 
it  shall  grant  another  concession,  in  which  case  the  original  con- 
cessioner shall  have  the  privilege  of  selling  or  disposing  of  his 
buildings  and  machinery  to  his  successor  in  concession. 

Section  11.  Every  person,  firm,  or  corporation,  except  mimicipal 
corporations,  engaged  in  the  development  of  water  power,  shall, 
in  lieu  of  all  other  forms  of  state  taxation,  pay  to  the  state  of 
Maine  an  annual  tax  on  or  before  the  second  day  of  Januar}*-  of 
each  year,  of  not  less  than  one  half  of  one  per  cent,  or  not  more 
than  five  per  cent,  of  the  gross  annual  income  of  said  person, 
firm,  or  corporation,  or  if  the  power  is  used  by  the  owTier  and  not 
sold,  the  annual  tax  shall  be  at  the  above  mentioned  rates  but 
based  on  an  appraisal  of  the  value  of  said  power  as  determined 
by  the  State  Water  Storage  Commission;  provided,  that,  in  the 
case  of  a  disagreement  on  said  appraisal,  recourse  may  be  had  to 
a  board  of  arbitration  as  provided  for  in  section  one.  The  rate 
of  taxation  may  be  on  a  sliding  scale  but  shall  be  fixed  by  the  State 
Water  Storage  Commission.  The  said  commission  maj'  also 
determine  at  what  future  dates  the  rates  may  be  readjusted  within 
the  above  limits. 

Section  12.  If  any  person,  firm,  or  corporation  shall  fail  to  pay 
the  annual  franchise  tax  as  provided  for  in  section  ten  of  this  act 
within  ninety  days  after  the  same  is  due  and  payable,  the  state 
shall  have  a  preference  lien  therefor,  prior  to  all  other  liens  or 
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claims^  iipon  all  the  property  of  said  person,  firm,  or  corporation 
and  upon  notice  from  the  State  Water  Storage  Commission  the 
attorney-general  shall  proceed  to  enforce  the  lien  and  collect  any 
unpaid  fees  in  the  same  manner  as  other  liens  on  property  are 
enforced. 

Section  13.  It  shall  be  the  duty  of  every  person,  firm,  or  cor- 
poration granted  a  concession  imder  the  terms  of  this  act,  to  keep 
such  accounts  and  records  as  may  be  required  by  the  State  Water 
Storage  Commission,  and  to  report  the  same  together  with  such 
other  information  over  affidavit,  as  may  be  required  by  said  com- 
mission on  suitable  blaiiks  to  be  furnished  by  the  commission  and 
at  such  times  and  dates  as  may  be  specified  by  said  commission. 
The  failure  upon  the  part  of  any  said  person,  firm,  or  corporation 
to  comply  with  the  provisions  of  this  section  shall  be  deemed  a 
substantial  non-compliance  with  the  provisions  of  this  act,  and  of 
the  concession  granted  to  such  person,  firm  of  corporation. 

Section  I4,  Whenever  the  owner  or  owners  of  any  dam  or  dams 
used  for  the  purpose  of  developing  water  power  in  this  state,  or 
the  creation  or  improvement  of  any  water  storage  basin  or  reser- 
voir, find  that,  for  the  purpose  of  creating,  acquiring,  maintaining 
and  operating  their  dam  or  dams  and  other  works,  it  is  necessary 
to  overflow  certain  lands,  said  owner  or  owners  shall  apply  to 
the  State  Water  Storage  Commission  for  the  right  to  take  and 
use  any  lands,  riparian  or  other  rights,  that  may  be  required  for 
the  creation,  conBtruction  and  maintenance  of  any  and  all  reser- 
voirs, dams,  and  other  structures  and  improvements  that  Hiay  be 
necessary  to  accomplish  the  purposes  of  their  charter,  and  after 
the  approval  t)f  the  majority  of  the  members  of  the  State  Water 
Storage  Commission  has  been  given  and  a  certificate  has  been 
issued  stating  that  said  commission  does  approve  the  taking  or 
overflow  for  the  particular  purpose  stated,  then  and  not  until  then, 
the  said  owner  or  owners  of  the  said  dam  or  dams  may  proceed 
to  exercise  the  right  of  eminent  domain  for  the  particular  purposes 
stated  in  accordance  with  the  provisions  of  Chapter  94  of  the 
Revised  Statutes  and  laws  amendatory  and  supplementary  thereto; 
provided,  however,  that  the  rejection  of  the  application  for  the 
said  taking  or  overflow  shall  be  on  the  ground  of  the  inadequacy 
of  the  engineering  features  of  the  plans,  unless  a  great  pond  or 
state  land  or  public  lot  or  lots  are  involved;  and  provided,  further, 
that  in  the  case  of  the  rejection  of  the  said  application  for  the  said 
taking  or  overflow  on  the  ground  of  the  inadequacy  of  the  engi- 
neering features,  recourse  may  be  had  to  a  board  of  arbitration  as 
provided  for  in  section  one. 

Section  16.  Whenever  any  person,  firm  or  corporation  contem- 
plating the  erection  or  the  enlargement  of  any  dam  or  dams  for 
the  purpose  of  developing  water  power  in  this  state,  or  the  creation 
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or  improvement  of  any  water  storage  bAsin  or  reservoir,  find,  that 
for  the  purpose  of  creating,  acquiring,  maintaining,  and  operating 
their  dam  or  dams  and  other  works,  it  is  necessary  to  overflow  any 
great  pond  or  take  or  overflow  any  public  lot,  lots  or  state  lands, 
said  owner  or  owners  shall  apply  to  the  State  Water  Storage 
Commission  for  such  rights  of  taking  or  overflow. 

The  said  commission  may  make  an  engineering  investigation 
of  the  desirability  or  necessity  of  such  taking  or  overflow,  and 
report  to  the  next  legislature  the  results  of  its  investigations 
together  with  its  recommendations  for  or  against  the  said  taking 
or  overflow  and  include  in  said  report  its  estimates  of  damages  if 
any  state  land  or  public  lot  or  lots  are  involved. 

Section  16.  In  case  the  owner  or  owners  of  any  dam  or  dams  used 
for  the  purpose  of  developing  water  power  in  this  state,  or  the  crea- 
tion or  improvement  of  any  water  storage  basin  or  reservoir,  shall 
create,  improve  or  increase  storage  on  any  great  pond  or  any 
reservoir  created  for  the  storage  of  water,  said  owner  or  owners 
shall  be  entitled  to  be  reimbursed  by  the  treasurer  of  the  state  of 
Maine  on  warrants  drawn  and  approved  by  the  Governor  with  the 
advice  and  consent  of  the  Council  for  all  reasonable  costs  of  opera- 
tion and  maintenance  and  a  net  annual  return  for  twenty  years  of 
five  per  cent,  on  the  cash  actually  spent  in  creating,  improving,  or 
increasing  said  storage.  All  owners  or  lessees  of  each  and  every 
improved  water  power  operated  for  over  eight  months  in  the  year, 
located  below  said  reservoir  or  reservoirs  or  storage  basin  or  basins 
and  b%aefited  thereby,  shall  pay  into  the  treasury  of  the  state  of 
Maine  his  or  their  proportionate  share  of  all  the  reasonable  costs 
of  operation  and  maintenance  and  a  net  annual  return  for  twenty 
years  of  five  per  cent,  on  the  cash  actually  spent  in  creating,  im- 
proving, or  increasing  said  storage,  including  the  cost  to  the  state 
of  the  supervision  and  regulation  of  said  reservoir  or  reservoirs  or 
storage  basin  or  basins.  The  apportionment  of  the  said  reason- 
able costs  and  the  said  annual  return  of  five  per  cent,  shall  be  made 
by  the  State  Water  Storage  Commission  in  proportion  to  the 
resulting  benefits. 

If  any  said  owner  or  lessee  of  any  improved  and  operated  water 
power  fail  to  pay  his  or  their  proportionate  share  of  all  the  reason- 
able costs  of  operation  and  maintenance  and  a  net  annual  return 
of  five  per  cent,  on  the  cash  actually  spent  in  creating,  improving, 
or  increasing  storage  from  which  they  are  benefited,  within  ninety 
days  after  the  same  is  due  and  payable,  the  state  shall  have  a 
preference  lien  therefor,  prior  to  other  liens  or  claims,  except  for 
taxes,  upon  all  the  property  of  said  owner  or  lessee,  and  upon 
notice  from  the  State  Water  Storage  Commission,  the  attorney- 
general  shall  proceed  to  enforce  the  lien  and  collect  any  unpaid 
fees  in  the  same  manner  as  other  liens  on  property  are  enforced. 
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Section  17,  Every  person,  firm,  or  corporation  engaged  in  the 
generation  of  electric  current  in  this  state  shall  install,  within 
three  months  of  the  date  of  approval  of  this  act,  suitable  and 
accurate  meters  and  other  instruments  approved  by  the  State 
Water  Storage  Commission,  adequate  for  the  measurement  of  the 
electric  energy  generated,  and  such  person,  firm,  or  corporation 
shall  keep  accm*ate  and  sufficient  records  showing  the  quantity 
of  electric  energy  generated  each  day  in  the  year  and  the  number 
of  hours  run  per  day,  and  report  same  to  the  State  Water  Storage 
Commission  on  blanks  prescribed  by,  and  at  such  time  as  shall  be 
determined  by,  said  commission;  provided,  that  in  case  any 
person,  firm,  or  corporation  engaged  in  the  generation  of  electric 
current  in  this  state  fails  to  install  suitable  and  accurate  meteis 
and  other  instruments  within  the  time  above  specified,  such  per- 
son, firm,  or  corporation  shall  be  subject  to  a  penalty  of  $10  per 
day  for  each  and  every  day  over  the  above  limit  of  three  months, 
during  which  they  have  not  made  the  necessary  installation,  said 
penalty  or  penalties  to  be  paid  into  the  treasury  of  the  state  of 
Maine;  and  provided  further,  that  the  State  Water  Storage  Com- 
mission may  extend  the  time  before  the  penalty  attaches  in  which 
to  install  the  suitable  and  accurate  meters  and  other  instruments. 

Section  18.  Any  party,  feeling  himself  aggrieved  by  any  act 
done,  or  failiu-e  to  act,  or  by  any  findings  or  rulings  made  by  the 
State  Water  Storage  Commission,  subsequent  to  the  granting  and 
acceptanee  of  the  e^ttcession  as  provided  in  this  act,  shall  have  the 
right  to  appeal  to  the  Supreme  Judicial  Court  in  the  county  in 
which  its  dam  is  located,  or  at  its  option  in  Kennebec  County. 
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DISCUSSION. 

Mr.  Morris  Knowles.*  I  have  been  interested  in  the  change 
of  view  between  what  has  been  and  what  is  proposed,  in  the 
new  Conservation  Act  now  being  recommended  in  the  state 
of  California.  It  is  now  planned  to  place  in  the  control  of  one 
body  of  five  men  versed  in  various  classes  of  conservation,  the 
duties  and  authority  formerly  residing  in  the  Board  of  Forestry, 
Redwood  Park  Commission,  Fish  and  Game  Commission,  Water 
Commission,  and  present  Conservation  Commission.  The  duties 
of  these  boards  are  to  be  conferred  upon  the  new  board  with 
broader  powers  and  privileges. 

I  desire,  however,  to  speak  particularly  at  this  time  of  the  neces- 
sity of  some  legislation  in  our  states  that  will  promote  develop- 
ment of  the  water  resources  by  private  capital  under  reasonable 
regulation;  so  as  to  prevent  exploitation  and  secure  at  the  same 
time  to  the  people  such  desirable  benefits  as  come  from  regulation 
of  stream-flow;  the  prevention  of  floods,  dilution  of  pollution, 
better  navigable  stages,  as  well  as  others  that  will  be  obtained 
when  we  have  state-wide  regulation.  This  is  the  reason  for  the 
formation  of  the  new  organization  in  our  state,  called  the  Water 
Conservation  Association  of  Pennsylvania,  of  which  I  have  the 
honor  to  be  president. 

A  group  of  capitalists  and  publicists,  realizing  the  good  to  come 
from  a  common  meeting  ground  to  discuss  these  problems  of 
Tital  importance  to  investors  and  the  people,  met  to  consider  this 
-question,  and  formed  this  unique  organization  in  which  many 
minds  are  represented  upon  the  executive  committee.  It  is 
planned  to  conduct  a  state-wide  campaign  of  publicity  and  educa- 
tion; with  the  expectation  of  thus  securing,  by  cooperative  effort, 
certain  legislation  at  the  next  session  of  the  state  legislature  which 
will  bring  order  out  of  chaos  as  to  water  laws  (the  right  of  eminent 
domain  as  to  appropriation  of  water,  under-lands,  and  rights  of 
ways  does  not  exist  with  companies  formed  since  1905),  to  attract 
capital  to  develop  the  state's  water  resources;  —  but,  at  the  same 
time,  reserve  to  some  tribunal  the  review  of  the  exercise  of  the 
right  of  eminent  domain  and  not  only  supervise  the  design  and 

*  Director  Department  of  Sanitary  Engineering,  Univereity  of  Pitt«burKhi  Pa. 
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construction  of  dams  (as  recommended  by  Mr.  Chandler  and 
Professor  McKibben),  but  also  the  operation  thereof,  so  as  to 
prevent  floods  and  secure  regulation  of  stream-flow. 

I  have  been  much  impressed  with  Mr.  Babb's  well-thought- 
out  plan  of  procedure,  as  explained  in  his  paper;  but,  perhaps 
because  our  customs  may  not  be  the  same  as  in  Maine  or  because 
we  have  not  yet  given  so  much  consideration  to  the  subject,  some 
few  of  the  provisions  suggested  seem  to  be,  upon  first  reading, 
either  conflicting  or  unnecessary,  in  the  light  of  the  modem  de- 
velopment of  the  true  idea  of  conservation.  While  the  speaker 
wishes  to  express  the  strongest  agreement  with  certain  parts  of  the 
paper,  he  would  like  to  ask,  without  any  spirit  of  antagonistic 
criticism,  but  with  the  attitude  of  inquiry,  questions  about  certain 
clauses. 

Section  1.  The  provisions  in  the  second  paragraph  of  this 
section  —  relating  to  the  control  over  the  uses  of  water,  that  the 
greatest  benefits  shall  be  derived  therefrom  for  all  users  —  are 
excellent  and  directly  in  line  with  the  principles  advocated  by  the 
Pittsburgh  Flood  Commission,  and  they  have  recently  been  in- 
corporated in  two  charters  lately  granted  by  the  Water  Supply 
Commission  of  the  state  of  Pennsylvania. 

Section  4-  The  provision  herein  stated  that  district  superin- 
tendents shall  be  appointed  from  lists  of  persons,  recommended  by 
various  water  users,  —  such  as  log-driving  associations,  reservoir, 
dam,  and  power  owners,  —  is  a  recognition  of  the  point  of  view, 
not  to  say  the  rights,  of  the  practical  operator,  which  is  only  too 
often  forgotten  in  such  legislation. 

Section  6.  The  provision  that  copies  of  plans,  showing  design 
and  location  a^id  nature  of  proposed  work  and  structures,  shall 
be  filed  and  then  "  receive  the  approval  of  the  majority  of  the 
members  of  the  said  commission  "  is  just  what  Professor  McKibben 
has  been  advocating  and  is  much  better  than  the  Connecticut 
system,  where  any  one  member  of  the  commission  may 
approve. 

Section  9.  The  arrangement  for  a  purchase  by  the  state,  herein 
mentioned,  is  extremely  vague,  and  it  is  difficult  to  imagine  what 
may  be  meant  by  "  siLch  franchises  and  rights y*'  other  than  those 
conferred  by  the  acts  of  the  legislature,  and  the  condition  seems 
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still  more  complicated  by  the  statement  in  the  second  paragraph 
of  Section  10,  that  just  compensation  shall  be  made  for  the  ''  phyvi^ 
cal  property,^'  If  it  is  intended  to  mean  by  these  terms  that  there 
shall  not  be  any  value,  other  than  that  of  the  physical  property, 
as  properly  determined,  allowing  nothing  for  ''  development, 
expense,"  or  **  business  value,"  it  hardly  seems  that  the  provisions 
are  fair  to  the  investor  of  capital,  which  must  stand  early  losses. 

Section  10.  If  there  be  the  right  of  purchase,  as  provided  in 
Section  9,  is  there  any  need  of  the  concession  terminating  at  the 
end  of  twenty-five  to  sixty  years,  especially  if  there  be  a  provision 
for  the  regulation  of  rates  to  be  charged  to  the  public?  Earlier 
in  the  act,  in  Section  3,  such  business  is  declared  a  *'  Public  UtiU 
ity"  and  it  may  be  that  some  public  utility  law,  not  herein  men- 
tioned, provides  for  sudh  rate  regulation,  but,  in  the  absence  of 
definite  statement,  we  are  not  sure  about  this  and  it  will  be  well 
if  it  can  be  cleared  up.  Does  not  the  last  provision  of  this  same 
section  permit  of  indefiniteness  of  construction  and  also  permit 
a  chance  of  a  ''  hold-up  "  of  the  company  whose  franchise  is 
expiring,  or  force  it  to  sell  out  at  a  sacrifice  to  the  company  which 
secures  the  new  franchise? 

Section  11,  An  interesting  query  is  raised  with  regard  to  this 
section,  that  if  rates  should  be  regulated,  why  should  it  be  neces- 
sary to  charge  a  tax  upon  the  power  company,  either  in  proportion 
to  the  power  developed  or  as  a  percentage  of  the  gross  receipts? 
With  proper  state  regulation,  such  expense  of  course  must  be 
borne  by  the  rate  payer,  but  assuming  it  to  be  fair,  is  there  any 
reason  why  municipal  corporations  which  develop  power  should 
not  be  similarly  taxed?  Are  they  not  doin^  a  commercial  and  not 
a  municipal  business  in  such  a  case? 

Section  H,  The  provision  for  a  review  of  the  exercises  of  the 
right  of  eminent  domain  is  directly  in  line  with  what  is  now  pro- 
posed in  Pennsylvania,  but  the  more  cumbersome  provisions  of 
Section  15,  which  means  going  to  the  legislature  for  action,  can 
hardly  be  as  satisfactory. 

Section  16,  The  provisions  herein  listed  are  much  like  the 
arrangements  of  the  Genossenschaft  of  Europe,  namely,  "  Associa- 
tions not  for  profit,"  which  bring  about  the  co6perative  effort  of 
Capital,  State,  and  People,  in  securing  profits  from  investments 


DISCUSSION.  231 

and  great  benefits.    It  will  be  very  desirable  if  we  secure  some 
such  legislation  in  this  country. 

There  was  one  additional  thing  that  Mr.  Babb  mentioned  in 
closing  which  seems  to  me  important,  namely,  that  some  of  the 
penalties  or  punishments  were  not  included  in  the  bill  with  the 
idea  that  if  they  were  perhaps  the  bill  would  not  pass.  The  oft- 
repeated  statement  occurred  to  me  in  that  connection,  that  it  is 
not  so  much  the  punishment  or  severity  of  the  punishment  which 
is  necessary  as  it  is  the  certainty.  I  think  in  matters  of  this  sort 
definiteness  as  to  what  is  required  is  far  better  than  indefiniteness, 
although  it  may  have  been  thought  to  have  been  necessary  to  do 
some  trading  in  order  to  get  the  thing  through  the  legislature, 
I  think  it  is  extremely  unfortunate,  however,  if  they  thought  it 
necessary  to  do  anything  which  might  be  a  compromise  rather 
than  to  have  something  which  would  be  definite  and  which  every- 
body could  understand. 

Mr.  p.  p.  Wells.*  I  have  listened  to  Mr.  Babb's  paper  with 
very  great  interest  as  an  evidence  that  the  conservation  movement 
has  taken  root  in  New  England.  Haying  been  connected  with  it 
here  in  Washington  for  the  past  five  or  six  years  I  am  much 
interested  in  seeing  it  taken  up  in  the  section  from  which  I  come. 
I  was  glad  to  note,  in  looking  over  Mr.  Babb's  paper,  the  fore- 
thought with  which  the  founders  of  the  state  of  Maine  and  the 
state  of  Massachusetts  had  retained  to  the  state  the  control  of 
the  ''  great  ponds."  It  gives  the  state  a  grip  on  the  situation  that 
is  lacking  in  southern  New  England  so  far  as  I  know;  and,  also,  I 
sui^^ose  there  are  still  considerable  holdings  of  public  land  in  the 
state  of  Maine,  which  we  have  not  in  southern  New  England,  and 
which  again  give  the  state  jurisdiction  like  the  jurisdiction  which 
the  Federal  Government  has  in  the  West,  where  it  is  a  landowner 
to  such  a  large  extent  throughout  the  mountain  region. 

I  particularly  noted  two  or  three  matters  mentioned  in  Mr. 
Babb's  paper.  One  of  them  is  the  matter  of  the  time  limit  of  the 
franchise,  which  Mr.  Knowles  called  attention  to.  Theoretically 
I  agree  with  Mr.  Knowles's  suggestion  that  if  you  have  competent 
r^ulation  and  competent  provision  for  the  public  taking  over 

*  Chief  law  officer,  Department  of  the  Interior. 


232  LEGAL  ASPECTS  OF  WATER-POWEB  IN  BiAINE. 

by  buying  out  any  private  enterprise  of  this  kind  on  fair  terms, 
no  time  limit  is  necessary.  But  such  provisions  are  rather  un- 
common. I  believe  the  state  of  Wisconsin  in  its  public  utility 
policy  goes  upon  the  principle  that  franchises  are  indeterminate, 
and  that  the  state  may  purchase  at  a  valuation  based  primarily 
upon  the  construction  cost,  or  replacement  cost,  with  due  allowance 
for  promotion  costs  and  other  legitimate  expenses.  I  think  in 
the  present  state  of  development  of  public  opinion  in  most  of  our 
commonwealths  the  time  limit  is  a  valuable  element  in  any  legisla- 
tion of  this  kind;  because  it  serves  to  protect  the  public  until 
such  time  as  a  more  perfect  system  of  regulation  can  be  worked 
out  after  the  Wisconsin  system,  and  because  it  will  automatically 
bring  up  to  the  public  at  some  future  day  the  question  as  to  what 
the  public  interest  demands  with  respect  to  the  expiring  franchises. 

I  was  also  particularly  interested  in  the  matter  of  the  provisions 
in  this  proposed  Maine  bill  for  forcing  contribution  to  the  cost 
of  storage.  That  matter  has  come  under  my  attention  a  good 
deal  with  respect  to  operations  where  the  Federal  Government 
was  concerned.  We  have  had  cases  in  the  West  where  on  certain 
streams  storage  was  to  be  put  in  by  one  company  and  others  would 
get  the  advantage  of  it,  and  it  is  perfectly  obvious  that  equity 
demands  a  contribution  on  the  part  of  the  companies  who  get  the 
advantage  of  the  investment,  who  at  present  do  not  contribute  to  it. 

In  regard  to  state  purchase,  —  I  have  already  alluded  to  the 
right  of  the  state  to  purchase,  —  it  seems  to  me  that  that  is  a 
very  valuble  suggestion  —  perhaps  not  worked  out  fully  in  detail, 
and  it  is  probably  impossible  to  so  work  it  out  at  this  time. 

I  have  heard  what  Mr.  Knowles  has  said  about  the  regulation 
of  prices  and  of  service  by  the  state,  and  it  seems  to  me  that  that 
is  one  of  the  most  important  things  for  the  state  to  do  at  this 
time,  —  that  where  the  state  has  jurisdiction  because  state  assis- 
tance is  necessary  in  the  way  of  corporate  charters, -or  in  the  way 
of  the  use  of  state  lands  or  the  use  of  these  great  ponds  or  otherwise, 
under  those  circumstances  there  should  be  a  strict  regulation  by 
the  state  in  the  public  interest  of  the  service  to  be  rendered  and  the 
prices  to  be  charged. 

I  have  given  some  attention  to  the  control  of  water  power 
since  the  year  1907,  in  several  different  capacities,  so  far  as  the 
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Federal  Government  is  concerned,  —  first,  in  connection  with  the 
Forest  Service,  of  which  I  was  the  law  officer  until  1909;  and 
contemporaneously  with  that  giving  informal  advice  and  a^istance 
to  the  Power  Conamittee  of  the  Inland  Waterways  Commission, 
which  was  created  by  President  Roosevelt  in  1907;  and  then  for 
more  than  a  year  as  counsel  for  the  National  Conservation  Associa- 
tion; and  for  the  past  y^ar  in  the  office  of  the  Secretary  of  the 
Interior,  so  perhaps  it  would  not  be  out  of  the  way  for  me  to 
briefly  state  here  the  water-power  control  problem  from  the  point 
of  view  of  the  Federal  Government. 

The  Federal  Government  has  or  claims  jurisdiction  over  water 
power  from  two  different  sources:  In  the  first  place,  as  a  land- 
owner. Throughout  the  West,  the  Rocky  Mountain  and  Pacific 
states,  the  United  States  is  the  principal  landowner,  and  has  in  its 
ownership  a  large  number  of  power  sites.  Pretty  much  all  the 
undeveloped  water  power  out  there  is  in  federal  ownership.  As 
landowner,  the  consent  of  the  United  States  must  be  secm-ed  to 
any  water-power  development  there.  Some  of  that  land  is  in 
National  Forests,  and  the  rest  of  it  is  for  this  purpose  under  the 
jurisdiction  of  the  Secretary  of  the  Interior.  In  either  case  the 
water-power  development  is  regulated  under  an  act  passed 
February  15,  1901,  which  compels  a  person  wishing  to  develop  a 
power  to  come  to  the  Federal  Government  and  get  a  permit 
from  the  Secretary  of  Agriculture  if  it  is  in  a  national  forest,  or 
from  the  Secretary  of  the  Interior  if  it  is  outside  such  limits. 
Now,  until  the  administration  of  the  national  forests  was  trans- 
ferred to  the  Secretary  of  Agriculture,  by  an  act  passed  February 
1,  1905,  there  was  no  attempt  at  what  may  be  fairly  called  public 
regulation  under  this  statute.  When  the  jurisdiction  was  trans- 
ferred, the  Forest  Service  took  up  the  problem  of  water-power 
control  and  worked  it  over  with  the  companies,  with  the  appli- 
cants for  permits,  and  adopted  regulations  which  were  changed 
with  experience,  as  necessity  showed  was  expedient,  until  the 
result  was  regulations  which  are  embodied  in  what  is  called  the 
"  Use  Book  "  of  the  Forest  Service  concerning  water  power,  and 
which  can  be  procured  by  application  to  the  forester,  —  a  series 
of  comprehensive  regulations  on  the  subject. 

The  Interior  Department  has  never  until  very  recently  attempted 
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any  thorough-going  regulation  under  that  statute,  but  on  the 
24th  of  last  month  regulations  were  issued  by  the  Secretary  of  the 
Interior,  which  are  very  much  like  the  Forest  Service  regulations, 
and  which  do  attempt  regulation  of  this  character.  I  would  say 
briefly  about  these  that  they  provide  for  a  rental  charge  to  the 
government  for  th^  use  of  government  land  and  for  a  time  limit 
of  fifty  years,  or  not  more  than  fifty  years,  for  the  privilege.  In 
that  connection  I  want  to  say  that  the  great  defect  of  this  statute 
is  that  every  privilege  given  by  it  is  expressly  by  the  statute  made 
revocable  by  the  head  of  the  department,  and  that  for  the  past 
five  years  the  administrative  branch  of  the  government  has  been 
recommending  legislation  to  allow  the  issuance  of  permits  which 
would  be  irrevocable  for  fifty  years.  We  have  not  succeeded  in 
getting  that  legislation,  which  is  so  essential  to  safety  for  the 
capitalists  who  invest;  but  in  these  regulations  both  departments 
have  gone  to  the  limit  of  their  powers  by  indicating,  as  far  as  they 
can,  that  the  intent  is  that  the  permit  shall  remain  in  force  for 
fifty  years.  But  of  course  no  secretary  can  bind  his  successor  in 
that  behalf,  in  view  of  the  express  language  of  the  statute.  Then 
in  these  recent  regulations  by  the  Secretary  of  the  Interior  there 
is  a  provision  for  purchase  by  the  Federal  Government,  by  the 
state,  or  by  any  municipality,  at  a  fair  value,  with  a  bonus  of  three 
fourths  of  one  per  cent,  for  every  year  of  the  unexpired  term. 
That  is,  if  there  were  twelve  years  of  the  fifty  yet  to  run,  we  would 
ascertain  the  fair  physical  value  of  the  works  and  add  nine  per 
cent.,  and  the  public  could  buy  them  at  that  rate.  Also  by  these 
regulations  the  grantee  is  bound  to  submit  to  reasonable  regula- 
tion of  prices  and  service  by  the  duly  constituted  authority  of  the 
state  in  which  the  service  is  rendered.  Also  the  rentals  may  be 
readjusted  by  the  department  at  the  end  of  ten-year  periods.  I 
think  perhaps  it  will  be  interesting  to  read  that  particular  provision: 

*'  At  any  time  not  less  than  ten  years  after  the  issuance  of  final 
permit  and  after  the  last  revision  of  rates  of  rental  charge  there- 
under, the  Secretary  may  review  such  rates  and  impose  such  new 
rates  as  he  may  decide  to  be  reasonable  and  proper;  Provided,  that 
such  rates  shall  not  be  so  increased  as  to  reduce  the  margin  of 
income  from  the  project  over  estimated  and  proper  expenses 
(including  reasonable  allowance  for  repairs  and  renewals)  to  an 
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amount  which,  in  view  of  all  the  circumstances  (including  fair 
promotion  costs  and  working  capital)  and  risks  of  the  enterprise 
(including  obsolescence),  is  unreasonably  small,  but  the  burden 
of  proving  such  unreasonableness  shall  rest  upon  the  permittee." 

Now;  under  the  terms  of  this  statute  it  is  impossible  to  give 
jurisdiction  to  the  courts  in  such  a  matter.  These  questions  as 
to  what  is  reasonable  and  proper  must,  therefore,  be  decided  by  the 
Secretary.  The  desirable  arrangement  would  be  to  have  the 
decisions  as  to  what  is  fair  rental,  and  the  reasonableness  of  these 
various  items,  passed  upon  by  the  courts,  and  it  is  hoped  that  we 
will  get  legislation  from  Congress  which  will  authorize  such  an 
arrangement. 

There  is  another  basis  for  the  federal  policy  of  water-power 
control  which  I  will  briefly  mention,  and  that  exists  where  navi- 
gable streams  are  concerned.  I  have  scrutinized,  I  think,  every 
bill  introduced  in  Congress  since  the  fall  of  1907  granting  licenses 
for  the  damming  of  navigable  streams.  There  has  been  a  legal 
contest  waged  around  the  question  whether  the  Federal  Govern- 
ment has  any  right  to  attempt  any  control  in  such  cases,  but  after 
a  good  deal  of  hesitation  and  difference  of  opinion  on  the  part  of 
the  government  officers,  the  policy  has  been  established  by  this 
administration  —  and  I  may  say  it  was  established  by  the  pre- 
ceding administration  —  of  refusing  such  a  license  without  express 
provision  fop  regulation  of  this  kind,  —  the  requirement  of  a 
rental  charge  and  provisions  to  protect  the  consumers  of  the  power. 
In  pursuance  of  that  policy,  bills  granting  such  licenses,  which 
did  not  contain  those  requirements  provisions,  have  been  vetoed 
during  the  past  session  of  Congress. 

Prof.  Philander  Betts.*  This  suggested  bill  apparently 
assiunes  the  enactment  shortly  of  a  bill  providing  for  a  Public 
Utilities  Commission.  In  connection  with  the  definition  of  a 
public  utility  given  in  Section  3  of  this  suggested  act,  I  want  to 
state  the  experience  of  the  New  Jersey  Commission.  A  public 
utility  in  New  Jersey  is  defined  by  the  Public  Utilities  Act  in 
such  a  way  that  municipalities  or  municipal  corporations  are  not 
included.  Complaints  have  been  made  to  the  board  at  various 
times  regarding  the  service  furnished  by  municipalities,  and  the 

•Chief  Engineer  of  the  New  Jersey  Public  I'tihties  Coinmis.sion. 
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board  has  been  powerless  to  entertain  complaints  of  that  kind. 
It  seems  absurd  that  in  exercising  regulation  over  public  utilities 
such  regulation  can  only  extend  to  privately  owned  utilities,  — 
utilities  operated  by  means  of  capital  furnished  by  private  indi- 
viduals. It  seems  to  me  that  such  regulation,  if  regulation  is 
justified,  and  to-day  we  considerthat  it  is,  is  justified  because  of  the 
character  of  the  services  themselves.  These  services  are  public 
utilities,  and  therefore  should  be  subject  to  regulation.  The 
Wisconsin  law  clearly  recognizes  this  by  making  no  difference  as 
to  who  operates  the  public  utility,  whether  it  is  operated  by  a 
private  corporation  or  by  a  municipal  corporation.  I  would  make 
the  suggestion,  therefore,  that  this  proposed  bill  ought  to  be 
amended,  if  possible,  so  as  to  include  public  utilities,  no  matter 
who  operates  them. 

Another  suggestion  is  in  regard  to  the  clause  limiting  the  term 
of  the  franchise.  A  good  deal  has  been  said  in  the  last  few  years 
regarding  the  terms  of  franchises.  In  years  gone  by,  many 
franchises  and  charters  had  no  limits,  and  the  tendency  at  the 
present  time  with  municipal  corporations  is  to  go  to  the  other 
extreme  and  to  limit  the  term  in  which  the  franchise  may  be 
exercised  to  a  period  too  short  to  justify  a  company  in  making 
the  investment  to  furnish  a  proper  service.  I  would  commend  for 
consideration  by  every  one  interested  in  operation  of  plants,  as 
well  as  by  those  interested  in  the  enactment  of  publit  utility  laws, 
the  provision  of  the  Wisconsin,  law  for  an  intermediate  permit, 
or  for  a  permit  unlimited  during  good  behavior.  All  franchises 
for  a  definite  term  ought  to  include  some  provision  for  the  period 
following  the  termination  of  the  franchise.  If  this  is  not  done,  and 
there  is  any  uncertainty  with  regard  to  the  ability  to  obtain  a 
renewal  of  the  franchise,  the  temptation  on  the  part  of  the  com- 
pany will  be  to  stint  the  service  and  to  withhold  the  expenditures 
of  money  required  in  making  extensions  and  in  keeping  the  service 
itself  up  to  the  point  of  adequacy. 

Mr.  M.  O.  Leighton.*  Mr.  Babb  in  his  paper  has  admirably 
covered  a  difficult  field.  He  has  quoted  a  large  number  of  court 
decisions  relative  to  water  rights,  and  they  are  very  instructive. 
They  are  instructive  largely  because  they  reveal  many  difficulties 

♦Chief  Hydrograpfaer,  United  States  Geological  Survey. 
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and  absurdities.  I  shall  surely  be  criticised  when  I  state  that  the 
greater  part  of  our  difficulties  in  the  eastern  part  of  this  country 
arises  from  the  fact  that  we  are  governed  by  one  of  the  most 
abominable  of  our  abominably  revered  institutions,  namely,  the 
riparian  law.  When  we  have  jockeyed  about  to  our  satisfaction 
and  have  become  convinced  that  water  is  the  property  of  the  whole 
people  and  must  rationally  be  devoted  to  the  highest  use  without 
regard  to  precedent,  we  will  abrogate  the  riparian  law  and  the 
entire  principle  underlying  it.  It  will  be  very  difficult  to  accom- 
plish such  a  purpose  because  of  our  conservatism  with  reference 
to  changes  in  fundamental  law. 

Our  friends  in  the  legal  profession  are  always  prone  to  regard 
the  law  as  the  end  rather  than  the  means.  Their  habits  of  mind 
are  not  unlike  that  of  the  miser  who  is  gloating  over  his  gold.  His 
attention  is  fixed  on  the  gold,  not  as  a  mediiun  of  exchange,  but 
as  a  mere  substance,  the  presence  of  which  gives  him  satisfaction. 
In  like  manner  we  are  prone  to  consider  the  law,  not  as  a  means 
to  an  end,  not  as  a  servant  created  to  assist  us  in  realizing  our 
needs  and  desires  in  the  wisest  way,  but  as  a  final  and  unchange- 
able institution,  to  which  we  must  bow  and  worship.  Of  course, 
I  am  now  referring  to  fundamental  law  which  lies  at  the  basis 
of  all  our  jurisprudence.  I  am  unable  to  understaiyl  why  we 
should  be  expected  to  direct  all  our  constructive  procedure  accord- 
ing to  the  precedents  established  by  the  law  of  an  earlier  day  and 
at  the  same  time  be  considered  unprogressive  should  we  endeavor 
to  utilize  old  methods  of  transportation  in  the  conduct  of  modern 
business. 

My  point  will  be  illustrated  by  quoting  from  one  court  decision 
cited  by  Mr.  Babb.  The  case  was  evidently  one  in  which  com- 
plaint was  made  that  a  dam  obstructed  the  use  of  a  river  for  log- 
driving  purposes.  The  judge  instructed  the  jury  that  if  the  river 
in  its  natural  state  was  capable  of  being  useful  for  floating  boats, 
logs,  etc.,  for  purposes  of  trade  or  agriculture,  the  plaintiff  was 
entitled  to  recover  however  long  the  dam  of  the  defendant  might 
have  stood  and  notwithstanding  his  use  of  the  river  had  been 
open,  notorious,  and  adverse,  and  although  no  logs  had  ever  been 
floated  over  the  falls  where  the  dam  now  is.  (Knox  v.  Challoner, 
42  Maine,  150.)     The  merits  of  this  particular  case  are  of  no 
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immediate  importance,  but  I  would  like  to  call  your  attention  to 
the  fact  that  here  is  a  decision  —  and  there  are  many  others  — 
which  establishes  the  principle  that  the  prior  use  of  this  river  must 
be  for  navigation  purposes,  or  log-driving  purposes,  irrespective 
of  the  facts  and  merits  in  the  case.  No  matter  how  detrimental 
this  prescribed  prior  right  might  be  to  the  community,  no  matter 
how  many  people  might  be  injured,  or  how  insignificant  was  the 
log-driving  use,  that  use  is  prior  to  all  others  merely  because  under 
the  conditions  which  prevailed  in  an  earlier  day,  navigation 
was  considered  paramount.    Why  should  this  be  so? 

Another  illustration  may  be  given.  In  those  cases  in  which 
adverse  decision  has  been  made  on  the  principle  of  compensation 
in  kind,  does  it  not  appear  absurd  that  a  riparian  owner  can 
enforce  his  right  to  have  a  river  flow  by  his  property  in  its  natural 
condition  and  be  entitled  to  recover  damages  even  though  a 
corrected  condition  —  brought  about,  for  example  by  the  construc- 
tion of  a  reservoir  —  makes  the  river  more  valuable  to  him  than 
it  was  before?  In  the  state  of  California  a  great  fertile  valley 
is  throttled  in  its  development  because  of  just  such  a  decision. 

Having  observed  closely  the  principle  of  prior  appropriation 
based  on  beneficial  use  which  prevails  in  the  most  of  our  western 
states,  I  cannot  fail  to  recognize  its  superiority.  It  may  be 
instructive  to  consider  one  of  the  state's  laws  based  on  this  prin- 
ciple. Let  us  choose  for  convenience  the  law  of  Oregon.  The 
act  providing  for  the  granting  of  franchises  of  water  power  begins 
as  follows: 

"  All  water  within  the  state  from  all  sources  of  water  supply 
belong  to  the  public." 

Section  45  of  the  Oregon  water  law  reads  as  follows: 

'^  Application,  —  Any  person,  association,  or  corporation  here- 
after intending  to  acquire  the  right  to  the  beneficial  use  of  any 
waters  shall,  before  commencing  the  construction,  enlargement, 
or  extension  of  any  ditch,  canal,  or  other  distributing  or  controlling 
works,  or  performing  any  work  in  connection  with  said  construc- 
tion, or  proposed  appropriation,  make  an  application  to  the  state 
engineer  for  a  permit  to  make  such  appropriation.  Any  person 
who  shall  wilfully  divert  or  use  water  to  the  detriment  of  others 
without  compliance  with  law  shall  be  deemed  guilty  of  a  mis- 
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demeanor.  The  possession  or  use  of  water,  except  when  a  right 
of  use  is  acquired  in  accordance  with  law,  shall  be  prima  fade 
evidence  of  the  guilt  of  the  person  using  it." 

The  Oregon  law  goes  further.  Should  you  have  what  would  be 
considered  in  the  East  a  riparian  right  and  desire  to  develop  a 
water-power  privilege  existing  on  your  own  land,  and  should 
you  in  conformity  with  the  Oregon  law  apply  for  a  permit  to  use 
the  water  and  be  granted  the  same,  you  cannot  congratulate  your- 
self that  you  have  a  permanent  right.  Section  53  of  the  Oregon 
law  reads: 

"  Water-right  CerHficaie.  —  Upon  it  being  made  to  appear  to  the 
satisf  a<rtion  of  the  board  of  control  that  any  appropriation  has  been 
perfected  in  accordance  with  the  provisions  of  this  act,  it  shall  be 
the  duty  of  the  board  of  control  to  issue  to  the  appUcant  a  certifi- 
cate of  the  same  -character  as  that  described  in  Section  25.  Said 
certificate  shall  be  recorded  and  transmitted  to  the  apphcant,  as 
provided  in  said  section.  Certificates  issued  for  rights  to  the  use 
of  water  for  power  development  acquired  under  the  provisions  of 
this  act  shall  limit  the  right  or  franchise  to  a  period  of  forty  years 
from  date  of  application,  subject  to  a  preference  right  of  renewal 
under  the  laws  existing  at  the  date  of  expiration  of  such  franchise 
or  right." 

The  appropriation  of  water  imder  such  a  statute  is  based  entirely 
on  beneficial  use.  No  right  is  granted  for  a  larger  amount  of 
water  than  can  be  beneficially  used  for  the  purpose  for  which  it 
is  desired.  With  such  a  fimdamental  principle  established  in 
the  East,  it  would  be  impossible  to  sustain  a  water  right  which 
was  not  conducive  to  the  best  interests  of  the  people  as  a  whole; 
it  would  be  impossible  to  use  the  common  law  as  a  basis  and 
pretext  for  petty  blackmail  as  is  now  done,  the  power  developer 
and  investor  would  benefit  by  the  assurance  of  stability  given 
under  the  law,  and  the  people  as  a. whole  would  be  assured  of 
maximum  benefits  resulting  from  the  wisest  use  of  their  water 
resources.  Such  a  change  will  not  probably  be  made  for  several 
generations,  but  it  is  sure  to  prevail  eventually. 

Mr.  Cyrus  C.  Babb  {by  letter).  The  writer  considers  himself 
fortunate  that  he  was  able  to  be  present  at  the  conference,  as  a 
number  of  valuable  suggestions  were  received  from  the  various 
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papers  and  their  discussion.  Consideration  has  been^ven  from 
time  to  time  to  the  several  points  raised  by  Mr.  Knowles.  In  fact, 
most  of  the  provisions  of  the  entire  bill  have  been  rewritten  a 
number  of  times.  Section  9  is  the  usual  form  now  inserted  in 
legislative  charters  for  large  water  storage  or  power  companies, 
except  modified  to  fit  general  conditions.  This  section,  as  well  as 
the  second  paragraph  in  the  next  section,  has  been  troublesome  to 
write.  It  is  not  intended  to  exclude  development  expense,  but 
to  pay  the  **  fair  value,"  excluding,  however,  franchise  value, 
which  is  used  in  its  narrow  meaning,  that  is,  the  intangible  value 
of  the  franchise  or  right  granted  by  the  legislature.     It  is  the 

« 

people  that  grant  the  franchise,  and  it  is  believed  that  when  they 
purchase  the  plant,  they  should  not  pay  for  a  right  that  they 
granted  in  the  first  place. 

The  term  *'  physical  property  "  in  the  second  paragraph  of 
Section  10  was  an  error.  It  should  have  been  the  fair  value  of  the 
property  with  the  franchise  value  excluded.  Probably  the  last 
provision  can  be  made  clearer.  The  intent  is  to  give  the  holder 
of  the  original  concession  the  preference  right  to  renew.  If  he 
declineH,  allow  the  state  to  purchase,  but  if  the  state  is  not  ready 
for  such  action,  provide  for  its  purchase  by  a  third  party. 

The  writer  has  had  under  consideration  the  "  indeterminate 
franchise  "  as  recognized  by  the  Wisconsin  Commission,  but  he 
wishes  to  understand  the  practical  workings  of  it  before  adoption. 
At  the  present  moment  a  limited  franchise  or  concession  seems  to 
safeguard  better  the  public's  interest.  Sixty  years  hence,  our 
idea  of  the  value  of  water  power  may  be  changed  from  what  it  is 
now. 

Section  1 1 :  The  tax  on  water  power  is  a  special  tax  from  which 
it  is  believed  the  state  should  receive  a  revenue.  It  will  not  be  so 
heavy  —  varying,  on  a  valuation  of  $20  per  horse-power,  from 
10  c.  to  $1.00  per  horse-power  per  year — that  it  will  be  a  burden 
on  the  people  who  derive  a  benefit  from  its  development.  Those 
p)eoplc  who  do  not  receive  the  benefit,  say,  of  electric  power  or 
electric  lights,  will  not  be  taxed  for  it. 

Without  question,  eventually  it  will  be  best  to  bring  municipal 
plants  under  the  operation  of  this  section. 

Section  15:   The  provisions  of  this  section  were  a  compromise. 


I  ' 
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The  state  of  Maine  jealously  guards  the  granting  of  charters  for 
developing  its  great  ponds  especially,  and  with  a  new  and  radical 
measure  of  this  sort  it  was  thought  best  not  to  insist  that  the 
Commission  be  given  the  power  to  grant  such  charters  as  the  first 
draft  of  the  section  contemplated.  It  will  be  a  long  step  in  advance 
if  persons  or  corporations  desiring  to  create  storage  on  a  great 
pond  be  compelled  first  to  apply  to  the  Commission,  who  may  then 
make  an  engineering  investigation  of  same  and  report  to  the  next 
legislature.  It  is  probable  that  nearly  all  important  measures 
that  pass  state  legislatures  or  even  the  United  States  Congress 
are  compromises  to  a  certain  extent.  In  the  case  of  a  meritorious 
measure  it  is  generally  possible  to  eventually  improve  it  by 
subsequent  legislation. 
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STATE    SUPERVISION    OF    DESIGN,    CONSTRUCTION, 
AND  OPERATION  OF  DAMS  AND  RESERVOIRS. 

BY     FRANK    P.     MC  KIBBEN,     PROFESSOR    OF    CIVIL    ENGINEERING, 
LEHIGH  UNTVERSITT,   SOUTH  BETHLEHEM,   PA. 

[Read  SepUmber  18,  191§.] 

The  Relation  between  the  State  and  Engineering 
Construction  is  Unsatisfactory. 

That  many  engineers  are  dissatisfied  with  conditions  existing 
in  the  several  states  as  regards  the  relation  of  these  states  to 
engineering  construction  which  affects  the  body  politic  is  shown 
by  numerous  discussions  of  state  supervision  of  engineering  works 
during  the  past  year.  These  discussions  were  precipitated  by  the 
disaster  at  Austin,  Pa.,  in  September,  1911,  when  the  failure  of 
an  unsafe  dam  revealed  the  astonishing  condition  that  in  the 
great  Commonwealth  of  Pennsylvania  a  structure  which  endangers 
the  lives  and  property  of  many  people  can  be  built  in  certain 
locations  by  any  person  whatsoever,  and  used  without  the  least 
semblance  of  supervision  on  the  part  of  the  Commonwealth  or 
any  other  competent  authority.  It  makes  no  difference  whether 
the  builder  be  entirely  ignorant  of  dam  construction  or  not;  he 
is  perfectly  free  to  erect  a  dam  in  those  streams  which  have  not 
been  declared  public  highways  by  the  legislature.  Of  course  in 
such  a  case  the  public  endangered  has  certain  legal  means  of  pro- 
tection if  it  is  made  aware  of  its  predicament,  but  such  machinery 
is  too  complicated  and  inefficient  to  be  woijhy  of  consideration 
in  connection  with  proper  protective  measures. 

The  engineering  profession  must  have  some  form  of  supervision 
of  structures  possessing  inherent  danger,  not  only  to  secure  better 
protection  to  life  and  property,  in  itself  sufficient  reason,  but  to 
prevent  the  erection  of  such  structures  by  incapable  persons,  who, 
posing  as  engineers,  thus  reflect  on  the  engineering  profession  as  a 
whole.    The  Engineers'  Club  of  Philadelphia  recognized  the  need 
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of  more  efficient  methods  than  those  existmg  for  securing  engi* 
neering  works  of  greater  safety  when  it  passed  the  following  reso- 
lution on  December  9,  1911: 

'*  Whereas,  the  failure  of  the  Bayless  Pulp  &  Paper  Company's 
dam  on  Freeman's  Creek  above  Austin,  Pa.,  on  September  30, 
1911,  calls  attention  to  the  importance  of  insuring  the  safety  of 
such  structures  wher3  failure  is  a  serious  menace  to  human  life; 
and,  whereas,  such  structures  should  be  entrusted  only  to  engi- 
neers of  ability  and  experience,,  who  should  have  constant  super- 
vision of  every  phase  of  the  construction;  therefore,  resolved,  that 
the  governor  of  the  state  is  requested  to  call  together  a  special 
commission  of  competent  engineers,  aided  by  legal  talent,  to 
frame  comprehensive  regulations  providing  for  the  creation  of  a 
permanent  State  Department  of  Public  Works,  to  be  composed  of 
bureaus  so  constituted  that  their  combined  jurisdictions  shall 
cover  not  only  the  construction  of  dams,  but  all  other  engineering 
contingencies  likely  to  arise  in  the  near  future." 

The  Engineers'  Club  of  St.  Louis  realized  that  a  better  system 
is  necessary  when,  on  February  18,  1910,  action  was  taken  favor- 
ing and  urging 

"  the  passage  of  such  laws  by  Congress  as  will  provide  for  a 
department  or  bureau  of  public  works  which  shall  include  the 
Coast  and  Geodetic  Survey,  the  Geological  Survey  and  the 
Reclamation  Service,  River  and  Harbor  Improvements,  and  such 
other  branches  of  other  departments  as  may  be  rationally  co- 
ordinated under  the  one  general  department  or  bureau  of  en- 
gineering and  construction." 

The  same  dissatisfaction  is  apparent  in  Mr.  Alfred  Brooks 
Fry's  letter  to  Governor  Dix  of  New  York  when,  on  December  11, 
1911,  he  proposed  a  State  Department  of  Public  Works  consist- 
ing of  a  commission  of  iSve  members  with  the  necessary  chief 
engineer  and  assistants  to  carry  on  all'state  public  work  including 
the  state  public  buildings,  the  construction,  operation,  and  main- 
tei&nce  of  state  canals  and  waterways,  to  perform  the  duties  of 
the  present  Highway  Commission,  State  Conservation  Com- 
mission, Superintendent  of  Public  Works,  State  Engineer,  and 
State  Architect,  etc. 

All  these  citations  indicate  a  desire  for  more  careful  supervision 
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of  engineering  construction,  and  limitation  of  the  right  to  build 
hazardous  structures.  Events  of  the  past  year  clearly  indicate 
the  existence  of  this  desire,  but  it  is  quite  certain  that  if  the 
engineers  of  the  several  states  accomplish  anything  it  is  essential 
that  united  action  of  all  engineering  societies  within  those  states 
must  be  brought  to  bear  on  their  respective  legislatures  and  that 
society  resolutions  and  requests  must  be  accompanied  by  personal 
solicitations  on  the  part  of  individual  members.  The  mere  pass- 
ing of  resolutions  will  not  be  sufficient.  And  so  it  is  with  national 
legislation.  Only  by  concerted  action  of  many  engineering 
societies,  and  by  repetitions  of  their  demands  can  anything  be 
accomplished.  If  better  state  supervision  of  dams  be  desirable 
in  Massachusetts,  for  example,  the  combined  action  of  the  Boston 
Society  of  Civil  Engineers,  the  New  E}ngland  Water  Works 
Association,  and  the  engineering  schools  is  required.  These 
organizations  must  first  reach  an.  agreement  as  to  what  is  best 
before  they  can  go  before  a  legislative  committee  to  advocate 
improvements.  Furthermore,  it  is  only  through  national  or- 
ganizations acting  in  conjunction  with  local  societies  that  anything 
like  uniformity  can  be  secured  in  various  states.  For  example, 
if  the  two  New  England  bodies  just  mentioned  were  to  agree  with 
the  American  Society  of  Civil  Engineers  on  some  form  of  state 
supervision  of  engineering  works,  and  if  similar  action  were  taken 
between  the  national  society  and  other  state  or  local  organizations, 
a  great  deal  could  be  done  towards  securing  uniformity  in  the 
different  states. 

In  Pennsylvania  there  are  four  leading  .engineering  societies,  — 
the  Engineers'  Club  of  Philadelphia,  the  Engineers*  Society  of 
Pennsylvania,  the  Engineers'  Society  of  Western  Pennsyl- 
vania, the  Engineers'  Club  of  Northeastern  Pennsylvania. 
These  organizations,  reinforced  by  the  American  Society  of  Civil 
Engineers,  can  and  should  take  such  action  as  will  strengthen  the 
status  of  public  engineering  procedure  in  the  Keystone  State.  A 
joint  committee  representing  the  four  state  societies  should  decide 
on  what  legislative  action  is  desirable  relating  to  the  formation  of  a 
State  Department  of  Public  Works  which  shall  have  supervision 
over  all  engineering  matters  coming  under  state  jurisdiction.  Armed 
with  a  proposal  ratified  by  the  engineering  societies  of  the  Com- 
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monwealthy  the  committee  could  appear  before  the  legislature 
with  such  force  as  to  command  respect,  but  if  each  organization 
individually  requests  a  different  procedure  it  is  perfectly  evident 
that  no  action  of  importance  can  be  secured. 

• 

What  are  the  Conditions  as  to  State  Supervision  of  Dams 

AND  Reservoirs?  [ 

There  are  three  ii^ain  divisions  into  which  a  study  of  this  ques- 
tion may  be  divided:  first,  the  safety  of  the  structures;  second, 
the  use  of  water  for  power,  irrigation,  ice  harvesting,  or  recrea- 
tion; third,  the  use  of  water  for  public  water  supplies.  It  is  only 
with  the  safety  of  dams  and  reservoirs  that  the  present  paper  deals, 
although  the  two  other  divisions  are  none  the  less  important. 

The  following  twenty-seven  states  have  laws  intended  to  provide 
supervision  of  dams  and  reservoirs:  Colorado,  Connecticut, 
Florida,  Georgia,  Idaho,  Indiana,  Kansas,  Maine,  Massachusetts, 
Michigan,  Montana^  Nebraska,  Nevada,  New  Jersey,  New  Mexico, 
New  York,  Oklahoma,  Oregon,  Pennsylvania,  Rhode  Island, 
South  Carolina,  South  Dakota,  Tennessee,  Texas,  Utah,  Vermont, 
Wyoming. 

These  laws  vary  in  value  from  the  rigid  Colorado  law,  which 
invests  the  state  engineer  and  district  water  commissioners  with 
great  powers,  to  the  obviously  cumbersome  inefficient  method  of 
local  control  by  county  courts  or  county  commissioners.  Fifteen 
states  provide  for  state  supervision,  and  twelve  place  local  officials 
in  control.  Of  those  states  having  state  officials  or  boards  nine 
are  west  of  the  Mississippi  River,  and  it  is  generally  true  that  the 
laws  of  these  western  states  are  more  rigid,  more  carefully  and 
explicitly  framed  than  those  of  eastern  states.  This  is  probably 
due  to  the  fact  that  most  of  those  in  the  western  group  are  semi- 
arid,  where  regulation  of  water  collection  and  use  necessarily 
receive  greater  attention  than  in  the  East,  where,  because  water 
is  more  plentiful,  the  subject  has  not  received  much  consideration. 

The  laws  of  Oklahoma  and  Colorado  are  among  the  most 
stringent.  They  require  preliminary  approval  of  plans  and 
specifications  of  dams  and  reservoirs  by  a  state  engineer,  provide 
for  his  supervision  during  construction,  and  require  a  certificate 
of  operation  from  the  state  engineer  before  the  reservoir  may  be 
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used.  The  Colorado  law  contains  articles  covering  the  following 
points:  State  engineer  must  pass  on  all  plans  and  specifications 
of  reservoirs  of  capacity  more  than  75  000  000  cu.  ft.  of  water,  or 
having  a  dam  or  embankment  in  excess  of  10  ft.  in  vertical  height, 
and  covering  an  area  of  more  than  20  acres,''  he  acts  as  consulting 
engineer  during  construction;  has  authority  to  require  satisfactory 
materials  and  work  of  construction;  must  give  owners  a  written 
certificate  of  acceptance  upon  completion  of  work;  must  annually 
determine  amounts  of  water  which  it  is  safe  to  impound  in  the 
several  reservoirs  of  the  state.  It  is  unlawful  for  owners  to  store 
water  in  excess  of  amounts  specified,  and  water  commissioners 
must  withdraw  excess  waters  if  any  exist;  upon  complaint  of  three 
or  more  persons  residing  or  having  property  in  such  places  as  would 
be  endangered  by  breaking  of  a  dam  or  embankment  the  state 
engineer  must  examine  the  structure  and  if  he  finds  it  unsafe  he 
must  immediately  cause  water  to  be  lowered  to  a  safe  level ;  appeal 
from  decision  of  the  state  engineer  may  be  made  to  coimty  or 
district  court,  but  judgment  of  the  state  engineer  shall  control 
until  final  settlement.  Each  county  surveyor  must  iiisx>ect 
annually  the  reservoirs  within  his  coimty  and  report  his  findings  to 
the  county  commissioners,  and  if  the  owner  or  tenant  of  an  unsafe 
reservoir  or  dam,  after  due  notice,  refuses  to  remove  the  danger,  the 
county  surveyor  must  lower  the  water  to  safety.  The  act  states 
that  its  provisions  shall  not  be  construed  as  relieving  owners 
from  payment  of  damages  caused  by  breaking  or  overflowing  of 
dams  or  embankments,  and  makes  owners  liable.  Owners  of 
reservoirs  pay  actual  expenses  of  state  engineer  in  making  personal 
inspection  and  also  a  per-diem  rate  and  expenses  of  any  deputy; 
and  persons  making  complaints  about  the  safety  of  any  structure 
as  above  stated  must  pay  the  state  engineer's  mileage  to  and  from 
the  reservoir  in  question.  The  state  engineer  may  use  force 
to  carry  out  the  provisions  of  the  act  if  necessary,  and  a  fine  is 
fixed  in  case  any  reservoir  company  fails  or  refuses  to  comply  with 
his  notice. 

If  judiciously  and  conscientiously  enforced,  the  Colorado  law 
should  give  good  results;  but  it  would  be  better  to  designate  to 
the  state  engineer  those  duties  and  powers  now  assigned  to  the 
water  commissioners  and  county  surveyors.     Furthermore,  the 
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state  and  not  individuals  should  pay  expenses  incident  to  examina- 
tions; and  provision  should  be  made  concerning  the  reservoir 
owner's  resident  engineer. 

Laws  of  the  eastern  states  are  generally  inadequate.  In  Penn- 
sylvania the  State  Board  of  Health  passes  on  plans  for  reservoirs 
and  appurtenances  used  for  public  water  supplies,  and  the  State 
Water  Supply  Commission  by  act  of  1907  is  invested  with  power  of 
passing  upon  plans  and  specifications  of  dams  to  be  built  in  those 
streams  which  have  been  declared  public  highways  by  the  legisla- 
ture. The  Water  Supply  Commission  has  no  power  to  supervise 
dams  or  reservoir  embankments  during  construction,  neither  is  it 
required  to  issue  a  permit  for  operation,  nor  has  it  the  power  to 
examine  any  existing  dams,  and  has  no  jurisdiction  over  dams  built 
before  1907.  The  concrete  dam  in  Freeman's  Run,  at  Austin, 
Pa.,  was  finished  in  1909,  that  is,  subsequent  to  granting  the 
power  of  approval  to  the  Water  Supply  Commission;  but  the  dam 
was  not  under  the  jurisdiction  of  that  or  any  other  commission, 
because  the  stream  wherein  it  was  located  had  not  been  declared 
a  public  highway.  The  failure  of  the  dam  just  mentioned  so 
aroused  public  opinion  that  the  Water  Supply  Commission  has 
made  investigations  of  several  dams  suspected  of  being  unsafe  and 
it  is  also  inspecting  dams  now  under  construction.  It  is  quite 
evident  that  Pennsylvania  has  not  sufficient  protection  against 
unsafe  dams,  but  when  th6  next  legislature  meets  there  should  be 
no  difficulty  in  securing  additional  enactments. 

Whether  this  supervision  will  come  in  the  form  of  enlargements 
of  the  State  Water  Supply  Commission's  powers  or  whether  there 
will  be  a  consolidation  of  several  existing  commissions  into  a 
State  Department  of  Public  Works  remains  to  be  seen,  and  the 
resulting  action  will  be  influenced  by  engineers  only  in  so  far  as  they 
act  jointly  through  the  various  engineering  societies  of  the  Com- 
monwealth. 

The  Water  Supply  Commission  has  done  and  is  doing  excellent 

work,  and  is  amply  able  to  carry  out  the  statutes  necessary  to 

protect  the  state  against  repetition  of  Johnstown  and  Austin 

Idisasters.    On  the  other  hand,  there  are  some  strong  arguments 

.  for  combining  several  existing  state  commissions  into  a  public 

service  commission  or  into  a  department  of  public  works.  The 
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I 

inadequacy  of  present  laws  for  safeguarding  against  dam  and 
reservoir  failures  is  duplicated  in  lack  of  provision  for  oversight 
of  bridges  carrying  railroad  trains  and  street  railway  cars,  and  the 
legislature  should  give  consideration  to  these  and  all  such  questions 
at  its  next  session.  Whatever  form  of  administration  the  needed 
improvements  may  take  they  should  be  so  simple  that  a  suspected 
dam  would  be  examined  without  appreciable  delay  by  a  competent 
state  engineer,  and  if  the  structure  were  found  to  be  unsafe  the 
commission  should  have  authority  to  act  speedily  and  effect  < 
ively. 

In  the  West  all  work  executed  under  the  Carey  Act,  a  congres- 
sional act  permitting  private  capital  to  irrigate  and  reclaim  arid 
lands,  is  under  supervision  of  state  boards  or  state  engineers  who 
are  given  the  power  of  approval  of  designs,  and  who  are  to  see  that 
the  dams,  reservoirs,  and  ditches  are  properly  constructed  and 
finished  in  accordance  with  the  original  plans.  But  as  each  state 
where  the  Carey  Act  applies  has  passed  its  own  laws  regulating 
the  control  of  work  within  its  borders,  there  are,  in  consequence, 
considerable  variations  in  the  operations  of  this  act. 

State  supervision  is  not  always  sufficient,  and  federal  control 
might  be  necessary.  For  example,  when  a  dam  is  constructed  in 
a  river  forming  the  boundary  between  two  states,  it  would  be 
under  the  jurisdiction  of  the  United  States  War  Department  only 
when  the  stream  is  navigable.  In  other  cases,  if  each  adjacent 
state  had  regulations  which  were  actively  enforced,  it  might  be 
very  difficult  or  impossible  to  secure  concerted  action  on  the  part 
of  the  two  states;  at  any  rate,  there  would  be  a  chance  for  conflict- 
ing authority,  and  federal  supervision  may  be  desirable.  Another 
case  which  might  arise  is  that  of  an  unsafe  dam  in  one  state  put 
near  the  boundary,  and  so  situated  that  in  case  of  failure  destruc- 
tion of  life  or  property  would  result  in  an  adjoining  state.  Of 
course,  if  each  state  had  adequate  supervision  little  chance  would 
exist  of  this  contingency  arising,  but  if  the  state  containing  the 
dam  had  no  efficient  means  of  insuring  safety,  an  effective  state 
board  in  the  endangered  state  would  not  have  authority  to  act, 
and  recourse  would  have  to  be  made  to  public  opinion  or  to  th^ 
courts. 
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An  Outline  for  Procedure  is  Recommended. 

Assuming  that  state  supervision  to  secure  safety  of  dams, 
embankments,  and  reservoirs  is  desirable,  how  can  it  be  exercised? 
The  following  outline  is  suggested: 

1.  Examination  of  plans  and  specifications  by  a  properly  organ- 
ized  state  board  whose  approval  is  necessary  before  construction  is 
begun.  This  approval  should  carry  the  proviso  that  a  competent 
resident  engineer  be  employed  by  the  owner  continuously  at  the 
dam  under  construction. 

.  2.  Examination  of  the  dam  or  embankment  during  construction 
by  competent  engineers  in  the  employ  of  the  board.  Inasmuch 
as  the  majority  of  masonry  dam  failures  have  been  caused  by 
faulty  foundations,  it  is  quite  evident  that  inspection  of  the  founda- 
tion as  well  as  the  superstructure  is  necessary,  and  that  the  board 
acting  through  its  chief  engineer  must  have  the  authority  to 
secure  changes  in  plans  and  methods  if  geologic  or  other  features 
of  the  site  require  such  changes.  To  make  state  supervision  com- 
plete and  efficient,  a  capable  state  engineer  must  see  the  work  at 
important  stages.  Changes  in  original  plans  and  specifications 
should  be  permitted  only  when  allowed  in  writing  by  the  chief 
engineer,  and  after  a  dam  is  finished  no  alterations  should  be 
allowed  except  with  the  written  consent  of  the  board. 

3.  Upon  completion  of  the  dam  the  state  engineer  should 
examine  the  structure  and  should  require  a  report  from  the  owner's 
engineer  that  the  dam  was  built  in  accordance  with  approved 
plans  and  specifications  and  that  the  structure  is  a  safe  structure 
for  the  purpose  for  which  it  is  intended.  If  the  structure  and  report 
be  approved,  the  board  should  then  issue  a  certificate  of  operation. 

4.  Biennially  after  the  dam  is  completed  the  owners  should 
be  required  to  have  a  competent  engineer  examine  the  dam  and 
reservoir  and  to  submit  his  report,  together  with  any  recommenda- 
tion, to  the  board.  It  is  the  purpose  of  these  biennial  examinations 
to  reveal  any  changes  in  and  about  the  dam  or  reservoir  which 
might  endanger  the  safety  of  the  structure. 

5.  At  intervals  not  greater  than  five  years,  and  of  tener  if  neces- 
sary, the  state  engineer  should  examine  each  structure,  and  his 
reports  should  be  published  in  the  annual  report  of  the  board. 
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In  case  any  repairs  are  shown  to  be  necessary,  -either  by  the  owner's 
engineer  or  by  the  state  engineer,  the  board  should  order  the 
owner  to  make  them  or  to  lower  the  water,  and  if  he  refuses,  the 
board  should  apply  to  the  judge  of  the  county  court  for  enforce- 
ment. Furthermore,  at  any  time  upon  petition  of  three  or  more 
residents  or  property  owners  who  consider  their  lives  or  property 
in  danger  because  of  the  presence  of  a  suspected  faulty  dam,  the 
state  engineer  should  examine  the  structure,  and  if  repairs  are 
necessary  the  board  should  proceed  as  above.  Nothing  in  the 
act  should  relieve  the  owner  of  his  full  responsibility  for  the  safety 
of  the  structure. 

State  Supervision  is  Desirable  but  is  Not  a  Panacea. 

Many  people  believe  it  desirable  to  establish  state  control  over 
such  works  as  dams,  reservoirs,  and  bridges  because  failures  of 
these  structures  endanger  life  and  property.'  Probably  a  very 
much  smaller  number  of  people  hold  the  view  that  the  state 
should  exercise  no  control  whatever  over  these  works  of  engineering 
when  owned  by  private  interests.  State  ownership  or  control 
does  not  prevent  all  accidents.  Nevertheless,  the  state,  that  is, 
the  people  acting  through  certain  of&cials,  should  exercise  some 
control  over  structures  which  involve  potential  danger  from  the 
fact  that  they  confine  great  forces  of  nature  which  if  not  restrained 
would  cause  loss  of  life  or  property  which  because  of  their  magni- 
tude and  peculiar  nature  have  inherent  danger.  As  population 
becomes  more  dense,  state  restrictions  are  the  more  necessary. 
It  seems  therefore  that  state  supervision  is  justifiable  and,  if 
properly  administered,  is  an  additional  safeguard  to  life  and  prop- 
erty, and  if  of  such  a  nature  as  to  be  an  additional  factor  of  safety 
or  to  reduce  the  possibility  of  disaster,  while  not  relieving  the 
owner  of  his  responsibility,  it  is  certainly  a  very  desirable  thing  to 
have. 

No  one  familiar  with  the  action  of  state  departments  or 
government  control  or  government  ownership  believes  that  these 
are  infallible  agencies  of  preventing  disaster,  but  the  safe  and  sane 
position  to  take  is  that  they  simply  serve  as  additional  means  of 
seeing  that  the  engineer's  ideas  as  embodied  in  his  plans  and 
structures  are  correct.    The  objection  has  been  raised  against 
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state  supervision  that  in  case  a  structure  were  approved  by  a 
state  board  it  might  relieve  the  owner  of  damages  if  the  structure 
later  by  failing  caused  loss  of  life  or  property.  It  is  not  a  question 
of  who  is  to  be  liable  in  case  a  structure  falls  down.  It  is  a  question 
of  preventing  its  falling.  Furthermore,  with  no  supervision 
whatever  in  the  case  of  Johnstown  flood,  no  remimeration  was 
fo^hcomyig  from  the  owners,  and  it  is  apparently  true  that  those 
who  suffered  losses  at  Austin,  Pa.,  will  receive  no  payments  for 
those  losses.  In  both  these  cases  the  full  responsibility  rested  on 
the  owners,  the  state  sharing  none. 

DISCUSSION. 

Mr.  John  C.  Trautwine,  Jr.  Mr.  President,  I  have  a  special 
interest  in  Professor  McKibben's  paper;  first,  because  I  hail  from 
that  unhappy  state  whose  plight  he  has  so  graphically  described; 
a  plight,  which,  however,  judging  from  the  papers  we  have  heard 
read  this  morning,  is  shared  by  other  states,  notably  by  Connecti- 
cut, New  York,  and  Maine. 

Another  reason  for  my  special  interest  in  Professor  McKibben's 
paper  is  that  I  was  the  author  of  the  resolution  (though  not  of  the 
preamble)  adopted  by  the  Engineers'  Club  of  Philadelphia  and 
quoted  by  Professor  McKibben. 

Professor  McKibben  remarks  that  the  three  utterances,  that 
by  the  Engineers'  Club  of  Philadelphia,  that  by  the  Engineers' 
Club  of  St.  Louis,  and  that  by  Mr.  Fry,  all  seem  to  aim  at  im- 
provement in  the  safeguarding  of  dams.  While  this  is  true,  the 
significant  fact  is  that  each  of  those  three  utterances  aims  at  the 
substitution  of  order  for  chaos,  —  at  the  simplification  and  uni- 
fication of  the  governmental  process  by  which  dams  shall  be  safe- 
guarded. It  was  just  there  that  I,  as  the  obstinate  juryman,  felt 
constrained  to  take  issue  with  my  colleagues  on  this  committee 
of  three  appointed  by  the  Engineers'  Club  of  Philadelphia  to 
consider  the  whole  question  of  the  inspection  of  dams.  The  result 
was  my  minority  report,  quoted  below,  and  concluding  with  the 
resolution  adopted  by  the  club. 

Our  conferences,  in  committee,  had  not  proceeded  far  before 
I  discovered  that  it  was  impracticable  for  us,  in  the  limited  time 
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allotted,  to  specify  confidently,  and  in  detail,  what  the  state  ought 
or  ought  not  to  do  in  the  premises;  and  then  the  thought  dawned 
upon  me  that,  in  seeking  to  draw  up,  at  short  notice,  a  program 
for  the  state  to  follow,  in  regard  to  dams  alone,  we  were  going 
about  the  matter  in  the  wrong  way;  that,  in  the  state  administra- 
tion of  public  works,  we  had  a  sort  of  crazy  patchwork,  and  that 
what  was  first  of  all  needed  was  unification  in  the  state's  engineer- 
ing operations,  as  a  whole,  including  not  only  the  matter  of  dams, 
but  all  other  technical  matters,  and  that  this  work  could  not 
properly  be  performed  in  a  few  days  by  a  club  committee.  I 
therefore  submitted  the  following  minority  report,  which  I 
venture  to  submit  as  a  contribution  to  this  discussion. 

1.  In  sparsely  populated  and  agricultural  countries,  the  indi- 
vidual needs  but  little  protection  from  the  state;  but,  as  popula- 
tion becomes  dense,  as  great  corporations  arise,  and  as  structures 
are  erected  whose  failure  means  great  loss  of  life  and  property, 
the  state  is  forced  to  assert  itself  more  and  more  actively,  and  in 
new  directions,  for  the  protection  of  its  citizens.  At  a  country 
crossroads,  traffic  may  be  left  to  regulate  itself.  On  Broadway, 
freedom  of  action  requires  that  the  will  of  the  individual  be  sub- 
ordinated to  the  autocratic  control  of  the  policeman. 

2.  We  long  ago  recognized  the  necessity  and  propriety  of 
governmental  inspection  of  buildings,  of  boilers,  and  of  elevators; 
we  have  more  lately  sanctioned  inspection  of  foods,  governmental 
regulation  of  railways,  etc.;  and  now  the  failure  of  the  dam  at 
Austin,  Pa.,  and  the  later  failure  of  that  at  Macdonaldton,  Pa., 
have  reminded  us  sharply  of  the  necessity  for  similar  control  over 
dams. 

3.  It  might  be  argued  that  self-interest  should  lead  builders  of 
engineering  structures  to  take  sufficient  precautions;  but  such 
disasters  as  the  two  mentioned  and  the  collapse  of  the  Quebec 
bridge  show  that  we  cannot  safely  rely  upon  self-interest  of 
builders  to  work  in  that  direction,  or  leave  the  design  and  con- 
struction of  such  works  to  their  uncontrolled  decision,  and  that 
the  state,  which  can  earn  no  profit  by  cheapening  the  structure, 
should  have  the  final  control. 

4.  State  or  national  control  of  dams  is  therefore  a  public  neces- 
sity and  in  line  with  the  inevitable  trend  of  society. 

5.  State  control  might  be  exercised  by  a  state  engineer  of  dams, 
by  a  standing  or  special  board  of  commissioners  for  dams,  by 
some  existing  branch  of  the  state  government,  such  as  the  Water 
Supply  Commission,  or  by  a  State  Civil  Service  Commission, 


DISCUSSION.  253 

before  whom  all  engineers  should  be  required  to  qualify  before 
being  permitted  to  construct  important  dams. 

6.  (This  is  the  significant  preamble,  containing  the  sentiment 
expressed  by  the  St.  Louis  Club  and  by  Mr.  Fry.)  But  it  is  im- 
worthy  of  the  dignity  of  a  great  state  that  such  matters  are  taken 
up  in  haphazard  fashion,  awaiting  disaster  in  some  particular 
class  of  structures,  and  then  awakening  to  the  necessity  of  pro- 
viding against  that  particular  form  of  catastrophe.  Such  a  policy 
leads  to  the  creation  of  a  heterogeneous  collection  of  imperfectly 
correlated  governmental  bodies,  clothed  with  conflicting  or  over- 
lapping powers  and  of  very  limited  combined  eflSciency. 

And  it  was  for  that  reason  that  I  urged  the  following,  which 
was  adopted  as  the  sense  of  the  club: 

7.  The  governor  of  the  state  should  therefore  be  requested  to 
call  together  a  special  commission  of  competent  engineers,  from 
this  or  from  other  states,  or  both,  aided  by  legal  talent,  to  frame 
comprehensive  regulations  providing  for  the  creation  of  a  per- 
manent State  Department  of  Public  Works,  to  be  composed  of 
bureaus  so  constituted  tl^at  their  combined  jurisdictions  should 
cover  not  only  the  construction  of  dams  but  ail  other  engineering 
contingencies  likely  to  arise  in  the  near  future. 

Mr.  M.  O.  Lbighton.*  Mr.  President,  governmental  control 
is  a  somewhat  peculiar  and  diverse  subject  concerning  which  there 
are  many  different  opinions. 

I  believe  it  to  be  true  that,  if  a  man  desires  to  be  completely 
independent,  he  must  live  alone.  His  independence  will  always 
be  compromised  if  he  lives  in  the  same  locality  with  another 
person,  and  it  will  progressively  decrease  as  the  population  increases, 
until  in  a  large  community  that  man  finds  himself  hedged  about 
with  so  many  limitations  upon  his  complete  independence  that  it 
sometimes  appears  as  though  his  whole  life  were  governed  by 
precepts  and  ordinances  enforced  in  the  interest  of  the  other 
fellow.  So  by  progressive  stages  throughout  the  entire  history 
of  the  development  of  civilization  it  has  been  inevitable  that 
individual  interests  must  give  way  to  common  interests  when  the 
former  are  antagonistic  to  the  latter.  I  believe  that  this  is  a 
crude  expression  of  the  principles  governing  community  life. 
The  facts  constitute  a  justification  for  the  governmental  control 

♦Chief  Hydrographcr,  United  States  Geological  Sun'ey. 
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of  public  utilities  or  the  control  of  all  matters  in  which  many 
persons  have  a  common  interest.  The  safety,  happiness,  con- 
venience, and  progress  of  the  people  must  be  conserved  by  uniform 
regulations  enforced  by  the  people's  representatives. 

The  facts  given  in  the  papers  on  the  subject  of  control  of  dams 
demonstrate  clearly  the  necessity  for  some  control,  and  I  personally 
believe  that  that  control  should  be  by  the  state  when  the  matters 
are  exclusively  intrarstate,  and  of  necessity  by  the  Federal 
Government  when  those  matters  involve  interstate  relations. 

It  is  a  curious  fact  that  the  construction  of  dams,  upon  the 
integrity  of  which  the  comfort  and  safety  of  so  many  people 
depend,  is  subject  to  little  or '  no  governmental  control.  Con- 
trast this  with  the  fact  that  if  a  man  desires  to  build  even  a 
one-story  structure  in  the  city,  he  must  usually  build  it  according 
to  certain  regulations  and  limitations.  If  he  wishes  to  hang  a 
sign  over  the  sidewalk  the  work  must  be  done  in  a  prescribed  way 
because  of  the  danger  which  might  arise  to  the  public  in  case  that 
work  were  not  done  in  a  proper  way.  In  many  states  and  com- 
munities sanitary  authorities  control  the  construction  of  plumbing 
in  buildings  notwithstanding  the  fact  that  it  has  been  demon- 
strated that  bad  plumbing  has  a  remote  if  any  connection  with 
disease.  I  may  go  further  and  cite  the  fact  that  a  man  cannot 
operate  a  peanut  push-cart  in  our  large  cities  without  securing  a 
license  and  doing  the  work  under  certain  regulations.  In  view 
of  the  fact  tliat  so  many  of  these  relatively  unimportant  matters 
are  subject  to  governmental  regulation,  is  it  not  strange  that  a 
man  can  erect  almost  any  sort  of  dam  that  he  chooser  in  nearly 
every  state  in  the  Union  without  adequate  regulation?  There 
are  laws,  of  courscf  in  many  of  the  states,  the  names  of  which  are 
given  in  Professor  McKibben's  paper,  but  notwithstanding  these 
laws,  there  are  examples  of  bad  dam  construction  in  nearly  all  of 
the  states,  which  construction  was  performed  openly.  Of  course, 
there  is  always  redress  in  such  cases  on  the  part  of  the  public, 
but  the  procedure  is  usually  indirect  and  inconvenient,  and  it  is 
very  true  that  that  which  is  every  one's  business  usually  turns 
out  to  be  no  one's  business.  Bad  darns  are  erected  in  spite  of  the 
law  and  in  the  sight  of  the  people. 

The  condition  that  I  have  described  not  only  results  in  danger  to 
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human  life  but  it  greatly  impedes  progress  in  water  conservation. 
Every  one  will  agree  that  when  a  country  becomes  more  and  more 
thickly  inhabited,  it  becomes  correspondingly  necessary  to  conserve 
water  in  reservoirs.  That  means  the  construction  of  damt?  It 
happens  that  in  connection  with  some  of  my  official  work  during 
the  past  few  years  I  have  advocated  certain  large  reservoir  in- 
stallations. The  idea  has  been  fiercely  combated  by  many  good 
men,  and  it  is  noticeable  that  these  men  as  a  rule  finally  resort  to 
a  gruesome  picture  of  the  consequences  of  dam  failure.  It  is  a 
striking  argument  in  the  public  mind.  It  is  easier  to  discredit 
dam  construction  by  doleful  references  to  the  few  dams  which 
failed  than  it  is  to  support  the  idea  by  comforting  references  to 
the  hundreds  which  have  not  failed.  Of  course  we  are  bound  to 
progress  m  the  right  direction  irrespective  of  any  specious  argu- 
ments, but  progress  in  the  reservoir  direction  will  always  be 
impeded  so  long  as  the  opponents  find  opportunity  to  cry  "  Wolf." 
It  is  necessary,  therefore,  to  construct  good  dams  in  order  to 
avoid  the  failures  and  to  establish  in  the  public  mind  the  con- 
fidence in  dam  structures  which  under  good  engineering  practice 
they  fully  deserve. 

Among  the  states  mentioned  by  Professor  McKibben,  there  is 
one  in  which  the  regulations  are  supposed  to  be  very  good.  In 
spite  of  them,  however,  an  earthen  dam  was  erected  in  that 
state  not  long  ago  which  by  reason  of  a  fortunate  train  of  circum- 
stances came  under  the  observation  of  two  competent  engineers 
before  the  outlet  gates  had  been  closed.  One  of  the  striking 
results  of  this  examination  was  an  experiment  which  they  made  to 
determine  whether  the  dam  would  hold  water.  They  excavated 
a  hole  in  the  ground  at  the  upper  toe  of  the  dam,  and  found  to 
their  surprise  that  they  could  not  bring  water  to  that  hole  fast 
enough  to  fill  it.  It  all  seeped  out  under  the  dam.  Of  course, 
had  the  gates  been  closed,  and  had  hydraulic  pressure  been  put 
upon  that  dam,  it  would  have  failed  and  would  subsequently 
have  been  cited  as  another  example  of  the  failure  of  good  dam 
construction. 

The  procedure  recommended  by  Professor  McKibben  for 
governmental  control  ought  to  serve  admirably,  but  he  is  eternally 
right  when  he  speaks  of  the  lack  of  infallibility  on  the  part  of 
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govemment  officials  who  are  supposed  to  guarantee  the  stability 
of  dams.  However  faithfully  a  state  engineer  or  an  engineering 
commission  may  be,  mistakes  will  be  made.  We  have  not  reached 
the  point  of  infallibility.  Therefore  the  public  at  large  must 
bear  its  share  in  the  responsibility  and  take  an  interest  in  these 
matters  even  though  they  have  apparently  provided  for  safety 
through  the  enactment  of  suitable  statutes  and  the  appointment 
of  suitable  boards  of  control.  As  in  many  other  features  of  public 
improvement,  public  instruction  is  necessary  and  all  standards 
must  be  raised,  the  standards  of  the  public  as  well  as  the  standards 
of  engineers.  In  the  education  of  the  public  the  procedure 
recited  and.  recommended  in  Professor  McKibben's  paper  will  be 
efifectual. 

Dam  construction  involves  three  factors  of  personal  control,  — 
the  owner  or  projector,  the  engineer,  and  the  contractor.  The 
owner  will  be  suitably  educated  by  the  enforcement  of  the  laws 
which  regulate  the  construction  of  dams,  if  they  are  as  good  laws 
as  they  ought  to  be.  The  engineer  must  also  be  educated ;  he  must 
qualify.  You  are  familiar  with  the  agitation  concerning  the  licens- 
ing of  engineers.  I  am  not  gomg  into  a  discussion  of  that,  but 
will  state  simply  that  I  have  yet  failed  to  find  any  real  reason  for 
opposing  such  a  project.  We  require  a  physician  or  a  lawyer  or 
a  marine  engineer  or  a  pilot  to  demonstrate  whether  or  not  they 
can  satisfactorily  perform  their  duties  before  they  are  allowed  to 
enter  upon  them.  Why  should  this  practice  not  prevail  with 
reference  to  the  civil  engineer?  Consider  any  of  the  dams  that 
have  been  erected,  especially  in  the  eastern  part  of  this  country. 
What  physician  has  so  large  a  practice  that  there  are  dependent 
upon  his  wisdom,  in  any  one  day,  or  in  any  one  year,  the  lives  of  so 
many  persons  as  are  dependent  upon  the  wisdom  of  an  engineer 
when  he  builds  a  dam  above  a  populated  valley?  Why  should 
an  engineer  be  allowed  to  build  a  dam  if  he  is  not  qualified,  and 
by  qualified  I  mean  qualified  to  build  a  dam.  Engineers  should  be 
classified.  The  fact  that  a  man  is  able  to  lay  street  pavements 
or  to  build  a  sewer  system  is  no  guaranty  that  he  would  be  a 
satisfactory  person  to  construct  a  dam.  There  is  no  particular 
difficulty  in  the  classification  of  engineers  according  to  their 
abilities.     Such  a  procedure  is  already  in  effect  in  many  lines  of 
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work.  Take,  for  example,  the  marine  pilot.  If  you  will  examine 
the  license  of  a  pilot  in  charge  of  a  boat  on  the  Potomac  River  you 
will  find  that  license  limits  him  to  certain  regions.  He  is  confined 
to  the  Potomac  River  and  possibly  Chesapeake  Bay,  but  he  is  not 
authorized  to  take  charge  of  a  steamer  in  New  York  Harbor 
or  in  Puget  Sound.  This  classification  of  engineers  would  be 
quite  as  easy  if  the  legislative  procedure  were  properly  outlined, 
and  an  engineer  who  undertakes  a  piece  of  work  that  may  be 
hazardous  to  public  safety  may  well  be  examined  and  qualified 
along  those  lines. 

Consider  the  contractor.  It  is  undoubtedly  true  that  many 
dam  failures  have  been  caused  by  poor  work  on  his  part.  You 
know  the  predicament  of  a  contractor  who  is  losing  money  on  his 
job,  and  how  easy  it  is  to  consider  the  fact  that  the  poor  devil 
is  losing  money  and  therefore  to  allow  a  little  indulgence  here  and 
there.  To  secure  a  good  piece  of  work  under  such  conditions, 
eternal  vigilance  is  usually  necessary,  and  few  of  us  measure  up 
to  eternal  vigilance.  One  of  the  best  ways  to  obviate  such  a 
difficulty  is  to  abolish  that  absurd  and  antiquated  regulation  which 
prevails,  especially  in  public  work,  that  the  contract  shall  be 
awarded  to  the  lowest  bidder  regardless  of  the  cost  and  the  difficul- 
ties and  regardless  of  the  real  responsibility  of  the  man.  In 
ninety  per  cent,  of  the  cases,  and  probably  more,  the  expense, 
trouble,  and  delay  caused  by  a  defaulting  contractor  who  is 
awarded  a  job  at  too  low  a  price,  more  than  exceeds  the  difference 
between  the  successful  bid  and  the  rational  one. 

Mr.  Edmund  M.  Blake."^  The  excellent  papers  of  Mr.  Chand- 
ler, Mr.  Babb,  and  Professor  McKibben,  on  the  general  subject  of 
state  control  of  the  design  and  construction  of  dams,  have  been 
read  with  much  interest,  especially  the  reference  in  the  latter 
paper  to  the  methods  of  handling  this  important  subject  in  the 
states  west  of  the  Mississippi  River. 

In  the  great  arid  region  of  the  United  States,  on  both  sides  of 
the  Rocky  Mountains,  the  annual  precipitation  is  extremely  low, 
and  a  very  high  value  is  consequently  placed  upon  every  gallon  and 
every  second-foot  of  water.  As  a  natural  result  of  this  condition, 
the  laws  in  general  which  have  been  passed  by  the  legislatures  of 

*AB8istant  Engineer,  Massachusetts  State  Board  of  Health. 
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the  arid  states  have  been  much  more  strict  with  reference  to  the 
means  employed  to  consenre  water  than  the  few  similar  laws  which 
have  been  passed  in  the  eastern  states.  In  most  instances,  as 
cited  by  Professor  McKibben,  the  arid  states  have  adopted  effec- 
tive and  stringent  laws  bearing  upon  the  design  and  construction 
of  dams  and  reservoirs  for  the  storage  of  water,  with  the  provision 
for  wide  power  to  be  exercised  by  state  departments  and  state 
officials  in  these  matters. 

The  Government  Reclamation  Act,  under  which  national 
funds  are  spent  in  the  construction  of  dams,  reservoirs,  pumping 
plants,  and  canal  systems  for  the  irrigation  of  public  lands, 
carries  with  it  government  control  of  the  design  and  construction 
of  all  of  the  works.  The  splendid  structures  erected  under  the 
government  engineers  are  a  lasting  monument  to  the  excellence  of 
their  design  and  construction  work,  although  money  has  not  been 
spared  where  its  use  would  increase  the  safety,  permanency,  and 
stability  of  the  massive  dams  which  store  the  water  of  the  mountain 
streams  for  use  in  the  arid  plains  below. 

Paralleling  the  Government  Reclamation  Act  is  the  very  brief 
but  far-reaching  Carey  Act,  which  makes  it  possible  for  private 
capital  to  engage  in  the  reclamation  of  arid  public  lands,  and  the 
total  acreage  covered  by  work  under  the  Carey  Act  is  much  larger 
than  that  covered  by  the  Government  Reclamation  work  up  to 
the  present  time.  The  Carey  Act  gives  the  arid  states  the  right 
to  request  the  segregation  by  the  government  of  areas  of  the 
public  domain  not  already  set  aside  by  the  Reclamation  Service, 
and  empowers  the  different  states  to  control  the  works  of  recla- 
mation by  private  capital  of  the  lands  so  segregated.  As  Professor 
McKibben  cites,  each  of  the  states  in  which  work  has  been  done 
under  the  Carey  Act  has  passed  its  own  special  laws  and  regula- 
tions for  the  control  of  irrigation  works.  The  writer  is  quite 
familiar  with  such  laws  as  passed  in  Montana,  Wyoming,  Utah, 
Idaho,  and  Oregon,  all  of  which  differ  materially  from  each  other, 
but  all  of  which,  in  the  main,  place  in  the  hands  of  the  state  en- 
gineer the  approval  of  plans  and  specifications  for  the  construction 
of  the  works  and  direct  him  to  make  such  inspections  of  the  same  as 
he  may  deem  necessary  or  desirable. 

In  the  state  of  Idaho,  which  has  more  than  doubled  in  popula- 
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lion  during  the  last  decade  as  the  direct  result  of  irrigation,  the 
state  law  provides: 

Firsty  that  the  sufficiency  of  and  title  to  the  water  rights  for  & 
proposed  Carey  Act  project  shall  be  approved  by  the  state  engi- 
neer; 

Second,  that  the  segregation  of  the  lands  requested  shall  be 
approved  in  final  form  by  the  government  and  the  State  Land 
Board;  and 

Third,  that  the  irrigation  company  proposing  to  reclaim  the 
lands  shall  enter  into  a  definite  contract  with  the  state,  approved 
by  the  Attorney-General,  which  contract  must  embody  the  plans 
and  specifications  for  the  construction  of  the  proposed  works 
in  form  passed  upon  and  approved  by  the  state  engineer. 

In  the  contracts  of  this  kind  with  which  the  writer  has  been 
intimately  familiar,  the  principal  requirement  of  the  specifications 
is  that  the  combined  natural  flow  of  the  source  of  supply  and  the 
amount  in  storage  shall  be  amply  adequate  to  furnish  water  at 
the  point  of  delivery  to  the  settler  at  the  rate  stipulated  in  the 
contract,  which,  in  general,  is  one  eighth  of  a  second-foot ^)er  acre, 
continuous  flow,  and  that  the  entire  canal  system  shall  have  ade- 
quate carrying  capacity. 

As  a  general  rule,  the  great  desire  of  Carey  Act  companies  to 
hold  the  opening  public  sale  of  their  lands  as  soon  as  possible,  for 
financial  reasons,  leads  them  to  rush  through  the  preliminaries  of 
engineering  investigation  and  detail  design,  with  the  result  that 
the  plans  submitted  for  dams  are  usually  of  a  very  general  nature 
and  seldom  an3rthing  like  the  plans  under  which  the  dams  are 
finally  constructed.  It  is,  therefore,  plainly  seen  how  important 
becomes  the  power  given  to  the  state  engineer  in  the  matter  of 
the  approval  of  final  plans  for  construction  and  the  inspection 
of  the  work  during  all  stages  of  its  progress.  Too  often  inadequate 
inspection  is  given  to  the  nature  of  the  geologic  formation  under 
the  massive  storage  dams  constructed  on  these  private  projects. 
Below  most  of  these  dams  are  located  the  newly  organized  towns 
which  are  to  become  centers  of  the  industrial  life  of  the  new  tract 
and  to  which  the  safety  of  the  dams  above  them  is  absolutely 
essential. 

As  provision  is  made  in  the  contracts  with  the  state  for  trans- 
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f erring  to  the  settlers  under  a  Carey  Act  project  all  of  the  struc- 
tures and  works  for  irrigation,  after  the  payment  by  the  settlers 
of  a  certain  percentage  of  their  water  rights,  two  things  at  once 
become  evident;  first,  the  patent  desire  of  the  private  corpora- 
tion to  expend  as  little  money  as  necessary  to  meet  the  final 
approval  of  the  state;  and,  second,  the  importance  to  the  settlers 
of  being  assured  that  what  they  are  to  eventually  pay  for,  take 
over,  operate,  and  maintain,  shall  be  of  a  permanent  and  adequate 
nature.  The  accomplishment  of  this  result,  and  hence  the  pros- 
perity of  the  settlers  on  nearly  3  000  000  acres  of  land  in  Idaho 
alone,  depends  largely  upon  the  supervision  and  control  of  the 
state  engineer. 

Right  here  comes  the  vital  obstacle,  in  my  mind,  to  the  success- 
ful carrying  out  of  even  the  most  effective  and  stringent  state  laws 
for  the  control  of  the  design  and  construction  of  engineering  works, 
namely,  the  regrettable  insufiicienoy  of  the  money  appropriated 
by  the  legislatures  of  the  arid  states  for  the  use  of  the  state  engi- 
neer in  the  employment  of  skilled  engineering  services  to  properly 
inspect  the  construction  of  these  dams  at  every  stage  from  begin- 
ning to  end.  In  general,  the  state  engineers  are  men  of  experience 
and  ability,  but  the  position  is  an  appointive  one,  liable  to  change 
at  any  election,  and  the  duties  imposed  upon  the  state  engineer 
are  so  varied  and  numerous,  and  call  for  his  attention  over  so  vast 
an  area  of  land  as  is  covered  by  most  of  the  arid  states,  that  it  is 
absolutely  out  of  the  question  for  him  to  give  effective  personal 
attention  to  dams  and  reservoirs.  His  appropriation  for  assistants 
is  generally  limited,  and  the  men  employed,  in  general,  are  sadly 
lacking  in  the  experience  which  such  important  works  demand. 
The  result  has  been  that  inspection  during  construction  has  been 
intermittent  in  most  cases,  and  thereby  inadequate  and  unsatis- 
factory. In  the  noted  case  of  the  Mackay  Dam,  on  the  Lost 
River  Project,  in  Idaho,  the  inherent  defects  were  not  discovered 
until  construction  work  was  well  advanced,  at  which  time  the 
entire  project  was  held  up  and  thousands  of  settlers  were  finan- 
cially damaged.  It  was  a  noteworthy  fact  that,  in  this  particular 
case,  attention  to  the  defects  was  made  public  by  parties  outside 
of  the  state  officials  and  departments. 

Similar  instances  might  be  quoted  where  lack  of  proper  inspec- 
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tion  by  the  state  has  r^ulted  even  more  seriously,  not  yet  in  any 
notable  failures  of  dams  with  resulting  loss  of  life  and  property, 
but  with  reduced  storage  capacity  and  consequent  loss  to  the 
settlers  depending  upon  that  storage  at  the  critical  stage  of  the 
irrigation  season. 

Familiarity  with  the  conditions  in  these  northwestern  states 
has  led  me  to  the  firm  conviction  that  the  remedy  must  come  from 
a  keener  public  sense  of  appreciation  of  the  necessary  and  invalu- 
able work  of  the  engineer  in  safeguarding  public  interests  by  rigid 
inspection  of  the  construction  work  on  dams  and  reservoirs,  with 
power  to  change  plans  and  hold  up  construction  work  when 
necessary.  This  aroused  public  feeling  would  then  result  in  the 
appropriation  by  state  legislatures  of  adequate  sums  to  attract 
and  make  it  possible  to  employ  skilled  and  adequate  engineering 
service,  without  which  the  vast  engineering  works  so  vitally 
affecting  the  prosperity  of  the  new  communities  of  the  Northwest 
will  fail  lo  accomplish  the  purposes  for  which  they  were  originated. 
The  fault  lies  not  so  much  with  the  hard-working  and  generally 
able  and  honest  state  engineer  as  it  does  with  the  limitations  which 
are  placed  upon  him  in  the  employment  of  skilled  assistants 
through  the  failure  of  the  general  public  to  insist  upon  the  appro- 
priation of  adequate  sums  by  the  men  who  represent  them  in  the 
state  legislature. 
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SOME  FEATURES  OF  THE  CONSTRUCTION  AND 
FAILURE  OF  THE  AUSTIN,  PA.,  DAM. 
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The  writer   has   deferred   saying   or  writing  an3^hing  about         ^^ 
the  failure  of  the  Austin  dam  because  of  a  pending  suit  against 
the  owners,  and  his  desire  was  to  have  this  suit  first  settled. 

It  seems  to  be  appropriate  to  here  present  some  features  of  the 
construction  and  subsequent  failure  of  the  work  as  an  argument 
in  favor  of  Professor  McKibben's  proposition  for  state  supervision 
of  dams. 

Several  engineers  who  have  publicly  expressed  their  opinions 
of  the  cause  of  the  failure  of  the  Austin  dam  have  made  a  very 
serious  mistake  in  not  differentiating  between  the  failure  of  this 
dam  and  its  demolition. 

This  dam  failed  January  23,  1910,  and  was  demolished  Septem- 
ber 30,  1911,  over  eighteen  months  later.  After  January  23,  1910, 
the  structure  could  not  be  termed  a  dam;  it  was  a  vertical  wall 
broken  in  five  or  six  distinct  and  separate  sections.  The  same 
causes  which  effected  the  failure  were  only  indirectly  the  cause  of 
the  demolition. 

Having  seen  the  dam  very  often  during  its  construction,  and 
during  all  of  its  stages ;  having  been  on  the  dam  during  its  failure, 
and  viewing  its  movement  downstream,  and  having  made  as 
thorough  an  examination  as  possible  the  following  day,  after  the 
water  was  emptied  from  behind  it,  I  should  be  better  qualified  to 
determine  the  cause  of  its  failure  than  those  who  have  examined 
it  after  its  complete  demolition. 

The  Austin  dam  failed  at  the  intake  which  was  near  the  center 
of  the  spillway  by  dropping  down  at  the  toe  some  6  in.  and  sliding 
out  at  the  spillway  about  18  in.  The  concrete  did  not  slide  on  its 
sandstone  base,  but  one  stratum  of  the  underlying  si3,ndstone  slid 
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upon  another  after  the  intervening  stratum  of  shale  and  gravel 
had  been  softened  by  the  water  seeping  through  this  stratum. 

This  result  was  very  apparent  on  the  morning  of  January  25, 
1910,  after  the  water  was  out.  The  intake  walls,  which  were 
built  against  the  upstream  face  of  the  dam,  and  at  right  angles 
thereto,  were  pulled  apart  near  their  center  in  an  almost  vertical 
separation  18  in.  wide.  The  imderlying  rock  stratmn  upon  which 
this  wall  was  built  had  a  vertical  cleavage  parallel  with  the  face 
of  the  dam,  about  12  ft.  upstream  from  it,  immediately  under  the 
vertical  separation  of  the  intake  walls,  and  of  the  same  width. 
No  better  evidence  could  be  obtained  as  to  what  happened  when 
this  dam  failed. 

The  center  of  the  dam  bowed  downstream  about  31  in.  at  the 
top,  the  bow  running  to  zero  about  110  or  115  ft.  either  way. 
There  were  four  or  five  vertical  cracks  entirely  through  the  dam 
in  this  220  or  230  ft.,  and  one  vertical  crack  nearer  the  west  end 
which  did  not  extend  the  full  depth  of  the  wall.  These  cracks 
divided  the  dam  into  five  or  six  distinct  and  separate  sections. 

As  the  dam  slid  down  in  the  center,  the  earth  immediately  below 
and  adjacent  to  it  was  pushed  up  quite  perceptibly.  This  earth 
and  the  underlying  sandstone  strata,  against  which  the  downstream 
face  of  the  dam  was  built,  was  the  only  thing  which  saved  the  dam 
from  total  demolition  in  1910. 

Plate  VIII  is  a  plan  made  from  measurements  taken  January 
25,  1910,'  the  day  after  the  failure. 

Since  January  25,  1910,  water  has  been  constantly  impounded 
by  this  broken  concrete  wall.  The  depth  of  this  water  has  varied 
from  25  to  52  ft.  During  this  period  water  has  continued  to  leak 
through  the  underlying  strata,  and  this  leakage,  going  on  at  great 
pressure,  must  certainly  have  washed  much  of  the  shale  and 
gravel  away,  leaving  the  heavy  concrete  walls  with  less  and  less 
foundation  until  the  final  collapse  came  on  September  30,  1911. 
It  is  therefore  not  hard  to  imagine  that  the  condition  of  the  founda- 
tion at  this  latter  date  was  far  different  from  what  it  was  eighteen 
months  earlier.  When  the  water  reached  its  maximum  height  on 
September  30,  1911,  it  was  simply  a  matter  of  first  a  dropping 
of  the  wall  and  then  a  movement  of  the  different  sections, 
resulting  in  stresses  which  could  not  be   computed,  and  which 
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would  not  have  taken  place  if  the  wall  had  been  a  monolith,  as  it 
was  on  January  23,  1910. 

So  much  for  the  difference  between  the  failure  and  demolition 
of  this  dam;  now  I  want  to  correct  some  false  statements  which 
have  been  publicly  made  by  some  of  my  professional  brethren  in 
their  desire  to  determine  logically  the  cause  of  the  failure  of  the  dam. 

The  conditions  governing  the  design  of  the  dam  were  not 
unusual.  I  had  a  client  who  placed  upon  me  two  limitations, 
minimum  cost  and  maximum  height.  The  first  was  $85  000  and 
the  latter  was  determined  by  securing  an  impounding  area  of 
200  000  000  gal.  of  water. 

In  order  to  fulfill  these  two  conditions,  I  made  three  separate 
designs,  reducing  each  cross-section  a  little  until  I  got  the  least 
which  I  believed  to  be  safe.  This  section  did  not  provide  for  any 
leakage  under  the  dam,  nor  did  I  expect  it. 

I  knew  the  nature  of  the  foimdation,  for  I  had  sunk  pits  upon 
the  site  of  the  dam  before  designing  it.  I  had  also  carefully 
examined  the  nature  of  the  underlying  rock,  which  could  be  clearly 
seen  throughout  the  valley.  I  expected  to  prevent  leakage 
under  the  dam  by  building  a  very  stable  upstream  embankment 
against  its  face,  which  I  also  expected  would  reduce  the  hydro- 
static pressure  against  the  dam. 

To  increase  the  factor  of  safety  against  overtiuming,  I  placed 
steel  rods  in  the  upstream  portion  of  the  wall.  These  were  1  J^-in. 
steel  rods  25  ft.  long,  sunk  6  to  8  ft.  in  the  underlying  rock  strata, 
and  secured  thereto  by  expansion  bolts,  the  holes  being  filled  with 
cement  mortart 

To  increase  the  factor  of  safety  against  sliding,  a  key  or  cut-oflf 
wall  was  built  into  the  rock  on  the  upstream  face  of  the  dam, 
forming  a  vertical  projection  of  the  dam.  This  wall  was  4  ft.  wide 
and  from  2  to  4  ft.  deep. 

The  weak  part  of  the  dam  was  at  the  intake,  where  there  was 
no  embankment  against  the  upstream  face,  and  where  a  hydro- 
static pressure  was  exerted  against  the  dam  due  to  the  full  depth 
of  water  to  its  foundation,  approximately  53  ft. 

To  overcome  this  extra  pressure  I  built  against  the  downstream 
face  and  over  the  full  length  of  the  spillway  a  heavy  concrete 
wall  7  ft.  deep.     However,  this  is  the  point  where  the  dam  failed. 
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When  this  dam  bowed  downstream  in  1910,  there  was  a  space 
left  between  the  embankment  and  the  face  of  the  wall,  leaving 
the  embankment  of  no  further  use.  I  am  quite  sure,  however, 
that  this  embankment  did  prevent  leakage  under  that  portion  of 
the  dam  with  which  it  was  in  contact,  and,  had  the  center  of  the 
dam  held,  the  embankment  would  have  fulfilled  the  purpose  for 
which  it  was  built.  The  next  day  after  the  failure  I  dug  several 
holes  in  the  surface  of  the  embankment  and  found  it  dry  3  ft.  deep, 
showing  that  very  little  penetration  had  resulted  after  two  months' 
submergence.  After  the  failure,  this  embankment  still  stood^ 
and  even  after  the  demolition  a  large  portion  of  this  embankment 
is  still  standing.  It  was  well  built,  with  good  material  deposited 
in  6-in.  layers  and  thoroughly  rolled  with  grooved  rollers. 

The  great  mistake  I  made  in  building  this  dam  was  trusting 
to  the  rock  foundation  as  being  impervious.  I  am  just  as  fully 
alive  to  this  mistake  as  are  several  of  my  critics  who  seem  to 
think  a  careful  and  experienced  engineer  could  not  have  so  erred 
in  judgment;  but  I  want  to  tell  these  critics  a  few  things  which 
influenced  my  judgment. 

About  860  ft.  above  the  site  of  the  new  dam  another  dam  had 
been  built  some  twelve  or  thirteen  years  before.  This  dam  was 
20  ft.  high,  and  impounded  about  26  000  000  gal.  of  water.  It 
consisted  of  a  rubble  stone  masonry  core  wall  12  in.  thick  on 
top,  and  stepped  down  to  4  ft.  6  in.  on  the  bottom,  which  was 
built  on  the  surface  of  the  same  sandstone  stratum  upon  which 
the  new  dam  was  to  be  built.  The  dam  had  an  embankment 
on  the  upstream  face  with  a  slope  of  2  to  1.  The  embankment 
on  the  downstream  face  had  been  washed  away,  exposing  about 
two  thirds  of  the  core  wall. 

The  only  place  where  this  dam  leaked  was  through  an  old 
clean-out  pipe  which  had  been  abandoned,  and  which  the  owners 
had  unsuccessfully  tried  to  stop  up.  There  was  no  leakage 
apparent  in  the  valley  below. 

When  building  the  new  dam  I  had  the  foundation  rock  drilled 
with  2-in.  drills  from  10  to  15  ft.  deep  and  from  15  to  20  ft.  apart 
over  the  entire  foundation.  I  did  this  for  the  purpose  of  testing 
the  underlying  strata.  These  holes  were  drilled  under  my  personal 
supervision. 
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These  holes  were  free  of  water  at  all  times,  except  such  as  was 
poured  into  them  by  the  driller  to  prevent  the  heating  of  the  tool. 
These  holes  were  drilled  through  the  same  strata  of  rock  upon 
which  the  water  back  of  the  old  dam  was  lying,  and  the  bottom 
of  the  holes  were  from  60  to  65  ft.  below  the  surface  elevation  of 
the  water.  If  these  strata  had  not  been  water-tight  my  conclusion 
was  that  any  leakage  from  the  old  dam  would  have  shown  in 
these  holes. 

This  seemed  a  logical  conclusion  then,  and,  upon  explaining  the 
condition  to  many  well-informed  engineers  since,  it  has  appeared 
to  be  logical  to  them. 

The  test  holes  sunk  into  the  rock  showed  good  solid  strata  of 
rock  from  2  ft.  to  4  ft.  thick,  with  intervening  strata  of  gravel  and 
shale.  These  strata  were  so  compact  that  they  were  almost  as 
hard  to  drill  through  as  the  rock. 

I  want  to  correct  some  misstatements  about  how  the  dam  was 
built.  These  misstatements  have  been  made  by  those  who  did 
not  witness  its  construction,  but  who  have  made  an  examination 
of  the  broken  pieces  of  the  dam  since  its  demolition. 

In  preparing  the  foundation,  care  was  taken  to  remove  the  thin 
strata  of  sandstone  and  shale  until  firm  and  thicker  strata  were 
exposed.  The  best  evidence  that  this  was  actually  done  are  the 
progress  photographs,  which  distinctly  show  two  things  respecting 
this  point.  They  show  the  foimdation  cleaned  for  concrete  and 
the  thickness  of  strata  where  the  trench  was  cut  out  to  build  the 
cut-off  wall.  They  also  show  great  quantities  of  these  top  strata 
piled  upon  either  side  of  the  excavation.  Most  of  these  stones 
were  removed  to  the  crusher  plant  and  broken  up  for  concrete. 

Every  section  of  the  foundation  rock  was  carefully  cleaned  of 
all  shale,  gravel,  or  clay,  and  thoroughly  washed  and  scrubbed 
down  before  any  concrete  was  deposited  upon  it.  Every  large 
stone  deposited  in  the  concrete  mass,  to  which  any  foreign  sub- 
stance adhered  when  it  came  from  the  quarry,  was  thoroughly 
cleaned  and  scrubbed.  These  large  stones  w^ere  carefully  selected 
in  the  quarry  after  the  blasts  were  made,  and  were  stored  in  a 
separate  place  for  the  supervising  engineer  to  inspect  before  they 
were  lowered  into  the  concrete. 

There  was  a  cut-off  wall  built  throughout  the  entire  length  of 
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the  dam.  This  wall  was  4  ft.  wide  and  from  4  to  2  ft.  in  depth. 
I  looked  upon  it  more  in  the  nature  of  a  key  wall  than  a  cut-off 
wall.  All  of  it  was  built  under  the  protest  of  the  owner,  who  could 
not  be  convinced  of  its  necessity. 

Steel  rods  IJ  in.  in  diameter  and  25  ft.  long,  spaced  2  ft.  8  in. 
on  center,  were  built  into  the  dam  vertically.  These  rods  ex- 
tended down  into  the  rock  foundation  from  6  to  8  ft.  and  were 
secured  by  expansion  nuts  and  cement  mortar.  It  has  been 
claimed  that  these  rods  were  left  out  in  many  places.  The  best 
evidence  that  they  were  not  are  the  progress  photographs,  which 
clearly  show  them  across  the  entire  dam. 

The  concrete  used  in  the  heavier  portion  of  the  wall  was  what  is 
known  as  '*  Cyclopean."  The  large  stones  were  embedded  in 
various  ways,  some  as  headers  and  some  as  stretchers;  some 
on  their  greatest  beds,  and  some  on  edge.  Every  large  stone  was 
surrounded  with  from  4  in.  to  12  in.  of  concrete,  which  was  de- 
posited very  wet  and  well  spaded  in. 

The  concrete  mass  consisted  of  one  volume  of  Pennsylvania 
Portland  cement,  three  parts  of  crushed  sandstone  dust  and  fine 
screenings,  and  six  parts  of  crushed  sandstone,  the  size  of  the 
stone  corresponding  to  the  nm  of  the  crusher  up  to  two  and  one- 
half  inch  stones,  with  dust,  screenings,  and  one-half  inch  stone 
eliminated.  All  the  cement  used  was  tested  upon  the  work,  a 
testing  plant  being  maintained  there.  A  boiling,  setting,  and 
tensile  test  was  made  of  every  carload,  and  no  cement  was 
accepted  which  gave  evidence  of  being  unsound,  of  too  rapid 
setting,  or  whose  tensile  strength  was  below  200  lb.  for  twenty- 
four  hours  or  400  lb.  for  seven  days,  neat,  or  fell  below  120  lb. 
after  seven  days  old  when  mixed  with  three  parts  of  the  crushed 
stone  dust  we  were  using  in  the  work. 

The  concrete  was  deposited  in  sections,  of  25  to  45  ft.  in  length 
of  dam,  the  area  of  the  section  being  governed  by  the  amount  of 
the  concrete  which  could  be  deposited  as  a  continuous  operation. 
As  each  section  was  completed,  keyways  from  10  in.  to  12  in. 
wide  and  deep  were  left  in  both  the  vertical  and  horizontal  faces. 
Instead  of  leaving  these  keyways  in  all  the  horizontal  surfaces, 
there  were  a  few  such  surfaces  where  two  rows  of  large  stones  were 
embedded  in  the  surfaces  so  as  to  allow  from  12  in.  to  18  in.  of 
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their  depths  to  project  above  the  finished  surface  of  the  concrete. 
These  formed  a  tie  for  the  next  section  of  concrete. 

It  has  been  stated  that  the  concrete  was  not  properly  jointed 
and  that  keyways  were  not  left.  The  best  evidence  of  this  is 
the  progress  photographs,  in  which  the  keyways  and  projecting 
stones  are  clearly  shown. 

Great  stress  has  been  laid  upon  the  weakness  of  this  dam  by 
reason  of  the  laitance  in  the  joints.  Of  course  I  cannot  positively 
state  a  condition  which  I  did  not  personally  see,  but  I  can  state 
as  a  fact,  from  personal  observation,  that  I  never  saw  fresh  con- 
crete deposited  upon  concrete  which  had  been  set  up  before  the 
surface  of  the  old  concrete  had  been  well  watered  and  thoroughly 
swept  down  with  wire  street  brooms.  After  which  the  entire 
surface  was  sprinkled  with  neat  cement  mortar  upon  which 
the  very  wet  fresh  concrete  was  deposited. 

The  supervising  engineer  had  been  employed  by  me  for  several 
years,  and  had  supervised  a  great  deal  ^f  concrete  work.  He 
knew  my  methods,  and  I  had  great  confidence  in  him  in  having 
them  carried  out.  I  do  not  believe  this  confidence  was  mis- 
placed in  supervising  this  dam.  If  any  laitance  was  found  in  the 
fractured  joints  of  the  demolished  dam  it  was  no  doubt  the  neat 
cement  which  had  been  spread  upon  the  surface  of  old  con- 
crete joints,  and  which  had  not  combined  with  the  fresh  concrete. 
I  have  known  such  a  result  to  happen  under  my  own  observation* 

I  have  been  building  concrete  for  twenty-five  years  under  all 
kinds  of  conditions.  I  have  tested  it  in  a  laboratory  maintained 
under  my  direction  for  several  years,  and  I  believe  I  know  what 
good  concrete  is  when  I  see  it  laid,  and  I  think  I  can  truthfully 
declare  that  I  never  had  better  concrete  built  for  me  than  I  had 
at  the  Austin  dam. 

Of  course  the  sandstone  rock,  of  which  this  concrete  is  com- 
posed, is  not  as  strong  a  mass  as  granite  or  trap  rock  would  be, 
but  the  mixture  could  not  be  better  made.  Every  day's  run  was 
checked  up  by  the  engineer  to  see  that  the  proper  volume  of  cement 
was  used,  and  we  averaged,  throughout  the  entire  work,  1.25 
barrels  of  cement  to  1  cu.  yd.  of  concrete.  However,  I  believe 
an  examination  of  the  present  pieces  of  concrete  dam  standing 
will  show  to  any  practical  concrete  expert  familiar  with  the  use 
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of  this  character  of  material,  that  the  mixture  in  this  dam  was  well 
made  and  laid. 

In  giving  you  the  detailed  description  of  the  manner  in  which 
this  dam  was  built,  I  am  not  trying  to  defend  myself  nor  my  super- 
vising engineer,  but  to  answer  some  of  the  unfair  criticisms  which 
have  been  made  as  to  the  quality  of  the  work. 

The  failure  of  this  dam  was  not  the  result  of  poor  workmanship, 
but  poor  judgment  upon  my  part  in  determining  upon  its  founda- 
tion. I  should  have  sought  the  advice  of  a  man  more  skilled  than 
I  in  determining  foundations  for  dams.  Had  there  been  such  a 
state  officer  it  might  have  resulted  in  saving  this  dam  and  my 
reputation. 

I  was  also  too  much  influenced  in  my  judgment  by  the  necessity 
for  keeping  the  expenditure  within  certain  limits.  I  have  since 
felt  a  very  grave  responsibility  for  my  failure  to  adv^ise  my  client 
early  in  my  engagement  that  no  paring  down  of  this  work  should 
be  countenanced.  Had  I  done  so,  either  the  dam  would  not  have 
been  built,  or  it  would  have  been  built  in  accordance  with  my  first 
design.  The  owner  had  no  intention  at  any  time  of  building  a. 
dam  the  safety  of  which  he  doubted,  and  no  blame  can  be  attached 
to  him  for  its  failure  on  January  23,  1910.  He  depended  upon  my 
judgment  entirely,  even  though  he  may  have  tried  to  influence 
me  to  keep  the  expenditures  down  to  the  lowest  possible  limit. 

To  the  young  engineer  who  is  called  upon  to  design  an  important 
structure,  the  safety  or  sufficiency  of  which  he  is  not  entirely 
satisfied  with,  I  would  strongly  urge  the  wisdom  of  calling  to  his 
help  the  advice  of  an  older  engineer  especially  skilled  in  that 
particular  line.  Never  sacrifice  safety  for  cost,  no  matter  how 
urgent  your  client  may  become.  He  does  not  realize  the  danger^ 
and  you  should.  If  you  cannot  agree  with  him,  resign  your  engage- 
ment, for  sooner  or  later  the  reckoning  will  come. 

Now,  just  a  word  upon  state  supervision  of  dams.    As  pre- 
viously stated  in  this  paper,  I  think  if  a  thoroughly  competent 
state  supervisor  had  been  in  office  when  this  dam  was  designed  it 
might  never  have  failed,  —  but  how  are  you  going  to  get  such  a 
.  supervisor? 

Since  the  failure  of  this  dam,  and  its  subsequent  demolition, 
I  have  read  every  criticism  from  engineers  which  had  come  to  my 
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notice.  For  the  most  part,  these  criticisms  have  appeared  in 
the  several  engineering  journals  and  society  reports,  and  I  have 
compiled  a  little  book  containing  these  clippings.  As  I  have  been 
deeply  interested  in  learning  all  I  could  about  this  matter,  I  have 
perhaps  thus  accumulated  more  evidence  of  the  difference  of 
opinion  as  to  how  tcf  build  a  dam,  as  expressed  by  engineers  in 
good  standing,  than  others  who  have  not  had  the  same  incentive. 
In  view  of  this  information,  I  want  to  say  that  it  would  take  a 
pretty  good  examining  board  to  pass  upon  the  qualifications  for 
a  competent  state  dam  supervisor. 

In  the  discussion  as  to  the  proper  method  of  reinforcing  this 
dam  after  its  failure  in  1910,  I  have  five  different  plans  from  as 
many  engineers,  and  each  plan  based  upon  totally  different 
principles. 

For  evidence  that  the  profession  is  not  a  unit  upon  just  how  to 
build  a  dam  to  make  it  safe,  and  still  keep  within  the  economic 
limits  of  cost,  you  need  only  refer  to  the  numerous  dam  failures 
both  in  this  and  in  foreign  countries.  Their  number  far  surpassess 
the  number  of  failures  of  any  other  character  of  engineering 
structures. 

DISCUSSION. 

Mr.  John  C.  Trautwine,  Jr.  It  was  about  a  year  ago  that 
the  demolition  of  the  Austin  dam  occurred,  and  shortly  after  that 
it  was  very  actively  considered  by  engineers.  But,  since  then, 
many  things  have  happened  to  engross  our  attention,  and  I  came 
here  entirely  unprepared  to  have  the  matter  brought  to  my  recol- 
lection. I  therefore  regretfully  allowed  the  paper  to  go  by  default, 
immediately  after  its  reading,  but  it  appears  to  me  unfortunate 
that  such  should  be  the  case,  where  the  author  has  made  so  com- 
mendable a  statement  of  his  case,  exonerating  his  associates, 
where  this  was  possible,  and  frankly  acknowledging  the  extent  to 
which  he  considers  himself  at  fault. 

For  myself,  I  have  also  to  make  a  confession,  of  which  I  was 
reminded  when  Mr.  Hatton  referred  to  those  who,  with  insufficient 
qualification,  had  expressed  views  with  regard  to  the  disaster,  my 
confession  being  that  I  ventured  to  express  a  view  without  having 
seen  the  dam,  either  before  or  after  its  failure;   but  the  case  was 
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very  fully  and  clearly  described  and  illustrated  in  our  technical 
journals,  and  these  accounts  seemed  to  make  it  quite  certain  that 
the  failure  was  due  to  the  cause  which  Mr.  Hatton  has  assigned, 
namely,  not  the  sliding  of  the  dam  upon  the  upper  rock  stratiun, 
but  the  sliding  of  the  dam  and  the  upper  rock  stratum  as  a  whole 
upon  a  lubricated  stratum  below.  That  view,  I  must  confess,  I 
expressed,  at  the  time;  and  I  am  glad  to  find  it  shared  by  Mr. 
Hatton. 
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BY  MORRIS  KNOWLES,  C.  E.,  PITTSBURGH,  PA.,  AND  BIRMINGHAM,  ALA. 

[Rmd  September  19,  19ie.] 

In  looking  back  through  the  proceedings  of  this  Association, 
the  writer  finds  that  no  paper  has  been  previously  presented  upon 
the  broad  aspect  of  this  important  question.  This  may  be  due  in 
part  to  the  conservatism  of  the  engineering  profession  with  regard 
to  the^discussion  of  public  questions.  That  conservatism,  however, 
is  passing,  and  President  John  A.  Ockerson,  of  the  American 
Society  of  Civil  Engineers,  outlined  the  new  attitude  of  the  pro- 
fession in  his  address  before  the  annual  convention  at  Seattle, 
Wash.,  in  June,  1912,  in  the  following  words: 

'*  There  seems  also  to  be  a  disposition  to  avoid  participation  in 
the  discussion  of  public  questions,  even  when  closely  related  to 
the  work  of  the  profession.  When  congressionid  committees  call 
on  the  Society  for  advice  with  regard  to  pending  legislation,  in- 
volving questions  relating  to  engineering,  it  would  seem  to  be  a 
proper  function  of  the  Society  to  render  such  aid  as  may  be 
practicable. 

**  In  fact,  it  might  be  well,  under  proper  conditions,  to  go  even 
further  and  use  the  influence  the  Society  may  have  to  mold  public 
opinion  along  lines  free  from  local  or  political  bias,  when  our 
public  works  ar^  the  subject  of  discussion." 

In  the  opinion  of  the  writer,  this  counsel  might  even  have  been 
made  somewhat  broader.  Such  an  organization  as  this  can  per- 
form a  real  public  service  by  discussing  not  only  public  works 
but  public  policies  involving  principles  for  the  consideration  of 
which  engineers  and  works-managers  are  better  equipped  by  train- 
ing and  habits  of  thought  than  almost  any  other  class  of  citizens. 
In  the  political  and  social  revolution  which  is  now  going  on  before 
our  very  eyes,  many  problems  are  involved,  in  the  solution  of  which 
the  scientific  honesty,  the  accuracy  of  reasoning,  the  conception 
of  economy  and  efficiency,  possessed  by  trained  technical  men, 
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should  be  of  the  highest  value.  In  speaking  to  the  students  of 
Manchester  University,  June  28,  1912,  on  the  social  and  political 
changes  of  Great  Britain,  Lord*Morley  said: 

"  Before  losing  heart,  let  us  be  sure  that  our  political  arithmetic 
and  algebra  are  right." 

The  language  is  significant  as  indicating  the  attitude  of  mind 
which  he  considered  most  valuable  in  the  premises,  and  which  is 
characteristic  of  men  in  the  profession  in  which  we  are  engaged. 

Of  all  the  problems  involved  in  this  present-day  revolution, 
none  is  more  clearly  within  the  class  that  we  have  mentioned 
than  that  which  we  have  as  a  subject  to-day,  "  State  Regulation 
of  Public  Utilities."  Assuming  prominence  as  it  does  at  the  time 
of  the  downfall  of  the  political  boss,  the  crumbling  of  the  political 
machine,  the  growth  of  direct  legislation,  and  the  promise  of 
return  to  truly  representative  government,  it  is  but  one  of  the 
many  indications  of  the  abandonment  of  the  policy  .of  laissez  fairs 
and  competition,  and  of  its  replacement  by  a  new  public  policy 
which  places  the  liberty  of  the  community  before  that  of  the 
individual,  and  recognizes  that  the  natural  resources,  the  tools  of 
production,  and  the  devices  which  man  has  invented  for  their 
economical  utilization  must  be  used,  not  for  exploitation  in  the 
interest  of  any  one  or  any  group  of  individuals,  but  for  rational 
and  complete  development,  in  such  a  way  as  to  best  conserve  the 
welfare  of  this  and  future  generations. 

The  growth  of  this  new  policy  can  be  traced  back  through 
history  to  the  edge  of  the  Dark  Ages.  The  Reformation  and  the 
Renaissance,  often  considered  merely  religious  and  intellectual 
movements,  were  in  reality  manifestations  of  the  beginning  of  a 
world-wide  demand  for  greater  individual  social  and  political 
liberty.  The  American  and  French  revolutions,  the  general 
political  disturbances  throughout  Europe  about  1848,  our  own 
Civil  War,  and  the  Chinese  Revolution,  have  been  but  local 
manifestations  of  the  same  universal  demand.  As  a  result,  during 
the  last  century  almost  all  governments  in  the  civilized  world 
have  been  made  over  to  forms  guaranteeing  a  greater  measure  of 
personal  liberty. 

The  industrial  development  and  the  growth  of  city  life  that 
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this  revolution  made  possible,  however,  have  brought  about  a 
realization  that  unlimited  individual  freedom  is  not  an  ideal  state 
of  society.  Competition  and  laissez  faire  were  well  enough  for 
the  conquest  of  the  forest  and  the  desert.  But  as  population 
increases  and  as  economies  become  increasingly  necessary,  the 
unavoidable  results  of  competition  are  increased  control  of  raw 
materials  and  distribution,  mass  production,  and  combination. 
Equally  inevitable  results  of  the  laissez-faire  policy  are  exploita- 
tion and  violation  of  community  liberty  in  the  interest  of  personal 
freedom.  The  last  fifty  years  have  therefore  seen  a  new  movement, 
manifested  by  legislation  against  trusts  and  against  rebating,  the 
public-health  movement,  the  conservation  of  natural  resources,  — 
more  latterly  by  the  agitation  of  the  newer  doctrines  of  improve- 
ment of  industrial  and  living  conditions,  regulation  of  public 
utilities,  the  regulation  of  all  monopolistic  business,  direct  legisla- 
tion, state-insurance  and  minimmn-wage  legislation;  and  cul- 
minating in  the  present  unprecedented  interest  and  activity  all 
over  the  world  in  the  improvement  of  social  and  political  con- 
ditions, that  bids  fair  to  reorganize  society  on  a  basis  of  the  policy 
of  social  justice,  even  if  it  involves  a  restriction  of  hard-won 
individual  liberty. 

The  basis  of  state  regulation  of  industry  is  the  fundamental 
common-law  principle  limiting  the  institution  of  private  property 
itself.  No  man  may  use  his  property  in  a  way  opposed  to  the  good 
of  the  community  in  which  he  lives,  and  which  protects  him  in 
his  possession  of  such  property.  A  second  principle,  also  in- 
herited from  the  earliest  days,  is  that  he  who  devotes  his  private 
property  to  a  public  use  thereby  clothes  it  with  public  interest, 
which  justifies  npt  only  great  rights,  but  also  public  regulation. 
How  far  these  principles  are  applicable  to  industry  and  business 
is  to-day  a  burning  question.  We  have  heard  the  head  of  one 
great  mdustrial  combination  declare  publicly  that  the  state  should 
fix  prices. 

In  a  statement  before  the  Stanley  Committee  at  Washington, 
June  8,  1911,  Judge  Gary  said: 

**  It  seems  to  me  possible  that  if  there  was  a  federal  license  law 
which  enabled  a  corporation  to  apply  to  the  government  or  a 
department  of  the  government  for  a  license  to  engage  in  inter- 
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state  commerce  business,  then  there  could  be  considered  and 
decided,  first,  all  questions  relating  to  the  organization  of  the 
corporation  itself;  .  .  .  and  if  it  should  be  determined  to  issue  a 
license,  then  one  could  be  issued  which  might  be  revocable  by  the 
government,  depending  upon  the  conduct  and  management  of 
the  corporation  —  even  relating  to  the  question  of  prices,  as  to 
whether  they  were  extortionate  or  not  ...  or  whether  in  any 
respect  the  conduct  of  the  corporation  was  inimical  to  the  best 
interests  of  the  people  generally.  .  .  .  Constructive  legislation 
in  this  country  is  needed  .if  we  are  to  retain  our  position  in  the 
ranks  of  competing  nations  who  are  trying  to  make  progress,  and 
who  are  making  progress." 

Interesting  as  it  would  be,  we  cannot  go  into  that  subject  here; 
nor  can  we  inquire  in  great  detail  what  uses  of  private  property 
are  public  uses,  and  what  industries  are  clothed  with  public 
interest.  In  various  periods  of  history  many  dififerent  occupations 
have  been  considered  subject  to  this  principle.  In  medieval  days 
the  baker,  the  miller,  the  innkeeper,  the  barber,  the  tailor,  the 
victualer,  and  the  smith  were  required  to  supply  all  patrons  on 
equal  and  customary  terms.  When  physicians  and  surgeons 
were  rare,  they  had  to  serve  reasonably  whoever  called  upon  them. 
Later,  with  the  development  of  towns,  the  ferryman,  the  wharfin- 
ger, and  the  carrier  were  held  subject  to  public  regulation.  In 
the  early  days  of  che  Massachusetts  Colony,  monopolies  were 
granted  to  the  trade  guilds  by'  the  General  Court  and  held  to  be 
public  callings.  Still  later,  the  widest  apphcation  has  been  given 
to  the  term  at  various  times.  Common  carriers,  water,  gas,  and 
electric  companies,  power  companies,  telephone  and  telegraph 
companies,  warehouses  and  grain  elevators,  bridges,  canals,  ferries, 
waterways,  draymen  and  hackmen,  and  many  other  lines  of 
business  have  been  held  to  be  public  callings.  If  we  should 
go  to  the  decisions  of  the  courts  with  regard  to  what  are  public 
purposes,  properly  subject  to  government  ownership,  we  find  that 
Ubraries,  theaters,  hospitals,  ferries,  cemeteries,  skating-rinks, 
musical  entertainments,  exhibitions  of  fireworks,  employment 
offices,  etc.,  have  been  included.  In  fact,  the  only  test  appears 
to  be  what  the  public  good  requires ;  and  we  may  in  future  expect 
to  see  any  business  whatever  in  particular  circumstances  become 
regarded  as  a  public  calling  and  subject  to  regulation. 
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Interesting  as  this  subject  is,  however,  it  has  no  part  in  this 
discussion,  for  the  term  '*  public  utilities  "  has  come  to  have  a 
special  restricted  meaning,  with  but  slight  variation  in  different 
localities.  This  generally  accepted  meaning  may  be  said  to  be 
well  defined  in  a  section  in  the  public  utility  law  presented  to  the 
General  Court  of  Massachusetts  at  its  last  session.  Omitting  some 
of  the  legal  phraseology  it  declared  the  term  "  public  utilities  "  to 
include  every  individual  company  or  corporation  furnishing  for 
public  use  any  of  the  foUo^ng  services: 

'*  (a)  The  transportation  or  carriage  of  persons  or  property,  or 
both,  between  points  within  this  Commonwealth  by  railroads, 
railways,  electric  railroads,  or  steamships,  including  express  service 
and  car  service  carried  on,  upon,  or  rendered  in  connection  with  such 
railroads,  railways,  electric  railroads,  or  steamships. 

'*  (b)  The  operation  of  all  conveniences,  appliances,  facilities, 
or  equipment  utilized  in  connection  with,  or  appertaining  to,  such 
transportation  or  carriage  of  persons  or  property,  or  such  express 
service  or  car  service,  by  whomsoever  owned  or  by  whomsoever 
provided,  whether  the  service  be  common  carriage  or  merely  in 
facilitation  of  common  carriage. 

**  (c)  The  transmission  of  intelligence  within  this  Common weialth 
by  electricity,  by  means  of  telephone  hnes  or  telegraph  lines  or 
any  other  method  or  system  of  communication,  including  the 
operation  of  all  conveniences,  appliances,  instrumentalities,  or 
equipment  utilized  in  connection  therewith  or  appertaining  thereto. 

'*  (d)  The  production,  utilization,  sale,  or  distribution  of  gas, 
electricity,  water,  or  energy  for  light,  heat,  fuel,  or  power  within 
this  Commonwealth,  including  the  operation  of  all  plants,  con- 
veniences, appliances,  instrumentalities,  facilities,  or  equipment 
utilized  in  connection  therewith  or  appertaining  thereto." 

Even  in  the  most  individualistic  times  these  services  have  been 
considered  subject  to  public  regulation  and  required  to  perform 
any  duties  laid  upon  them  by  statute.  In  addition  they  have 
been  held  to  certain  common  law  duties  with  regard  to  service 
and  non-discrimination;  and  their  rates  have  been  regulated  on 
the  ground  that  they  have  no  right  to  take  a  return  on  the  unearned 
increment  of  their  franchise  value  by  charging  what  the  traffic 
will  boar.     These  duties  have  been  briefly  defined  as  follows: 

1.  To  perform  all  duties  required  by  statute. 


KNOWLES.  277 

2.  (a)  To  serve  all  who  apply. 

(6)  To  provide  safe  and  adequate  service. 

(c)  To  charge  just  and  reasonable  rates. 

(d)  To  make  no  discriminations  either  in  rates  or  in  service. 

It  should  be  noted  that  these  duties  are  all  affirmative,  differing 
in  this  respect  from  the  negative  obligation  not  to  injure  others 
by  the  use  of  property  for  private  ends. 

This  is  not  the  place  to  discuss  the  relative  merits  of  municipal 
ownership  and  public  regulation.  Indeed,  such  a  discussion  would 
be  entirely  irrelevant  to  our  subject,  for,  whether  utilities  are 
publicly  or  privately  owned  or  operated,  the  need  of  broad  regu- 
lation by  the  state  or  sovereign  power  is  the  same,  and  the  methods 
and  principles  are  identical.  The  duties  of  public  utilities  in  the 
two  cases  are  precisely  similar.  If  the  principles  developed  by 
countless  decisions  of  courts  and  commissions  are  sound  and  just; 
if  every  applicant  has  the  right  to  be  served;  if  property  should  be 
so  used  in  such  services  as  to  provide  safe  and  adequate  service;  if 
discriminations  are  unjust  and  contrary  to  public  policy;  if  de- 
preciation ought  to  be  allowed  for;  if  it  is  unjust  for  taxpayers  to 
contribute  to  lighten  the  burden  of  consumers,  or  for  consumers  to 
pay  in  rates  any  portion  of  general  government  expense,  which 
ought  in  justice  to  fall  on  taxpayers,  —  then  the  regulation  of 
public  services  is  just  as  much  the  right  and  duty  of  the  state  in 
the  one  case  as  in  the  other.  In  its  governmental  functions  the 
municipality  is  but  the  agent  of  the  state;  in  its  purely  business 
enterprises  it  bears  to  the  state  the  same  relation  as  any  other 
business  corporation.  Whether  municipally  owned  public  utility 
service  be  considered  as  belonging  to  either  category,  or  as  com- 
prising functions  in  both,  the  grounds  for  state  regulation  are 
equally  strong.  This  is  a  matter  which  should  particularly  inter- 
est the  New  England  Water  Works  Association,  as  by  far  the 
larger  majority  of  water  works  in  New  England  are  municipally 
owned. 

Massachusetts,  the  first  state  going  in  for  systematic  public- 
utility  regulation,  recognized  this  principle  in  part  and  gave  its 
Gas  and  Electric  Light  Commisvsion  the  same  authority  in  some 
matters  over  municipal  plants  as  over  private  ones.    The  authority 


278  STATE  REGULATION   OF  PUBLIC   UTILITIES. 

of  the  state  boards  of  health  of  Massachusetts,  New  York,  New 
Jersey,  and  other  states,  over  quality  of  water,  is  without  distinc- 
tion regarding  character  of  ownership.  In  England  this  stand 
has  long  been  taken  with  regard  to  such  features  as  accounting 
and  reports.  In  at  least  one  respect  it  has  been  carried  further 
there  than  in  any  state  in  this  country,  for  there,  municipally 
owned  and  operated  utilities  pay  a  property  tax  into  the  general 
treasury,  just  as  other  property  does.  The  basic  theory  of  this 
appears  to  be  that  consumers  ought  not  to  be  relieved  of  a  portion 
of  their  burden  at  the  expense  of  other  taxpayers,  by  having  exclu- 
sive tax-free  use  of  property,  which  seems  logical,  if  companies 
are  to  be  similarly  taxed,  and  just  in  the  light  of  the  general 
principles  that  have  been  heretofore  explained.  But  it  is  incon- 
sistent with  the  English  policy  of  allowing  some  municipalities  to 
make  considerable  profits,  applicable  to  the  reduction  of  the  tax- 
rate. 

Wisconsin,  leader  in  the  modem  development  of  public-utility 
regulation,  makes  no  distinction  whatever  between  publicly  and 
privately  owned  plants,  and  requires  the  same  standards  in  both, 
cases,  for  quality,  accounting,  rates,  financial  management, 
reporting,  depreciation  accounts,  etc. 

Hon.  John  H.  Roemer,  chairman  of  the  Railroad  Commission 
of  Wisconsin,  said  in  an  address  before  the  Trans-Mississippi 
Commercial  Congress  at  Kansas  City  in  1911,  — 

'*'  The  distinctive  feature  of  the  law,  however,  in  Wisconsin  ia 
that  of  placing  all  municipal  plants  under  the  supervisory  powers 
of  the  Commission  to  the  same  extent  as  privately  owned  plants. 
The  wisdom  of  this  policy  is  no  longer  disputable,  for  no  greater 
benefit  has  been  bestowed  upon  the  public  by  regulation  of  public 
utilities  than  that  resulting  from  the  operation  of  the  law  upon. 
municipal  public  utilities." 

This  may  be  opposed  by  some  of  the  ardent  supporters  of 
local  self-government;  but  local  self-government  does  not  mean  a 
right  to  local  mis-government.  The  rights  of  the  citizen  are 
just  as  much  transgressed  by  a  municipality  which  fails  to  fulfill 
its  public  utility  duties  as  by  a  private  corporation.  As  a  matter 
of  fact,  regulation  is  sometimes  even  more  necessary  with  a  muni- 
cipally owned  plant  than  a  private  one;  because  people  will  often 
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endure  service  and  rates  imposed  upon  them  by  their  own  town 
officers  which  would  call  forth  vehement  protest  if  a  private 
company  were  involved. 

Massachusetts  was  the  pioneer  in  public  utility  regulation, 
and  has  always  led  the  country  in  the  regulation  of  municipal 
accounting  and  municipal  finance,  making  the  most  minute  regu- 
lations with  regard  to  some  details.  Nevertheless,  it  is  interesting 
to  note  that  the  public  utility  commission  bill,  presented  to  the 
General  Court  last  winter  (but  not  passed),  held  municipally  opera- 
ated  plants  subject  only  to  the  requirements  of  the  sections  on 
"  Accidents,"  "  Accounting,"  "  Reports,"  "  Appraisal,"  "  Access 
and  Inspection,"  and  "  Standards  and  Tests,"  and  exempted  them 
from  orders  by  the  Conmiission  with  regard  to  service,  rates,  or 
discrimmations.  The  benefit  to  be  derived  from  the  law,  which 
will  doubtless  be  enacted  in  the  future,  will  be  greatly  increased  if 
this  error  is  corrected. 

Recognizing,  then,  the  benefit  of  regulation  in  all  cases,  let  us 
discuss  briefly  the  methods  and  principles  that  are  to  be  followed. 
Regulation  by  special  legisl^,tion  or  by  court  decisions  have  been 
proposed  as  sufficient  by  some,  but  neither  expedient  can  be  sup; 
ported.  With  regard  to  the  former.  Justice  Timilin  of  the  Wis- 
consin Supreme  Court  in  deciding  one  of  the  few  cases,  perhaps 
the  only  case,  that  has  been  appealed  from  the  decree  of  the  Wis- 
consin Railroad  Commission,  said, 

« 

"  It  is  argued  that  the  power  to  fix  rates  is  a  legislative  one  and 
can  never  be  anything  else;  .  .  .  that  the  legislative  power  is  by 
the  Constitution  vested  in  the  Senate  and  Assembly,  and  cannot 
be  set  apart  except  as  expressly  provided  for  in  the  Constitution; 
but  when  we  add  to  this  that,  because  of  the  multitude  of  detail, 
the  intricacy  of  the  subject,  the  expert  knowledge  required,  the 
numerous  separate  investigations  of  inter-related  questions  of  fact 
which  are  necessary  ...  a  legislative  body  .  .  .  would  find  it  an 
actual  rather  thatl  a  legal  impossibility  to  fix  just  and  reasonable 
rates,  it  becomes  apparent  that  this  position  tends  to  the  con- 
clusion that  the  state  .  .  .  was  shorn  of  some  of  its  usual  and 
necessary  power  of  sovereignty  and  became  impotent  to  exercise 
the  power  of  regulation.  Regulation  by  direct  action  of  the  legis- 
lature has  been  tried  and  found  impracticable  and  its  attempt 
generally  abandoned." 
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The  same  reasoning  applies  equally  well  to  regulation  by  muni- 
cipal ordinance.  It  would  demonstrate  the  uselessness  of  this 
method  of  regulation,  even  if  local  prejudices,  local  politics,  and 
high  feeling  did  not  commonly  make  impossible  the  unbiased, 
judicial  attitude  which  is  the  sine  qua  nan  of  reasonable  regulation. 

fk]ually  unsatisfactory  is  regulation  by  court  decision.  All 
over  the  country  such  tribimals  are  already  overburdened  with 
work,  and  action  would  often  be  delayed  beyond  the  time  where  it 
would  be  of  value.  Moreover,  the  work  requires  more  than  a 
judicial  mind.  Engineering,  financial,  and  business  judgment 
must  be  possessed  from  actual  experience,  or  understood  from 
long  consideration  of  such  matters,  to  a  degree  that  is  usually 
impossible  for  the  judge.  Finally,  court  decisions  must  necessarily 
be,  in  general,  corrective  rather  than  preventive,  and  hence  such 
regulation  is  contrary  to  our  present-day  ideas  of  governmental 
efficiency. 

To  change  two  words  in  the  message  of  President  Taft,  advo- 
cating the  establishment  of  a  dommission  to  investigate  industrial 
strife,  — 

**  At  the  moment  when  discomforts  and  dangers  incident  to 
utilities  service  are  actually  felt  by  the  public  there  is  usually  an 
outcry  for  the  establishment  of  some  tribunal  for  the  immediate 
settlement  of  the  particular  dispute,  but  what  is  needed  is  some 
system,  devised  by  deliberate  study  in  advance,  that  will  meet 
these  constantly  occurring  and  clearly  foreseeable  emergencies,  — 
not  a  makeshift  to  tide  over  an  existing  crisis.  Not  in  a  rainstorm 
but  in  fair  weather  should  the  leaking  roof  be  examined  and 
repaired.'^ 

A  priori  consideration  would  therefore  lead  us  to  the  conclusion 
that  a  permanent  commission  is  the  correct  solution  of  the  prob- 
lem, and  experience  has  justified  this  conclusion.  Massachusetts, 
Wisconsin,  New  York,  Vermont,  New  Jersey,  New  Hampshire, 
Kansas,  Oregon,  Ohio,  Washington,  Connecticut,  California, 
Maryland,  Oklahoma,  and  many  other  states  have  legislation 
placing  some  or  all  public  utilities  under  the  jurisdiction  of  one 
or  more  commissions.  The  national  experience  with  the  Inter- 
state Commerce  Commission  has  borne  splendid  testimony  to  this 
method  of  regulation. 
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Opinion  is  practically  uniform  in  the  desirability  of  commission 
regulation;  but  there  is  still  discussion  as  to  whether  utilities 
should  be  supervised  by  municipal  or  state  commissions.  In  the 
writer's  opinion  municipal  regulation  alone  will  never  be  satisfac- 
tory. For  municipally  owned  utilities  such  regulation  is  out  of 
the  question.  The  community  of  interest  in  making  a  good  show- 
ing and  the  lack  of  perspective  may  often  defeat  the  purpose. 
In  the  case  of  privately  owned  companies,  the  pressure  of  local 
prejudice  and  feeling  makes  difficult  the  preservation  of  the  judicial 
frame  of  mind  and  spirit  of  fairness  which  are  indispensable. 
In  the  case  of  a  few  large  cities,  high-grade  city  commissions  have 
been  partially  sticcessful.  But  even  in  these  cases  cities  cannot 
afford  expert  service  as  extensive  or  of  as  high  grade  as  is  available 
when  they  act  together  through  a  state  commission;  and  such 
local  commissions  have  not  an  equal  opportunity  to  gain  such 
varied  experience  or  to  accumulate  so  large  an  amount  of  data 
that  may  be  applicable  to  future  investigations  and  decisions. 
Moreover,  the  intercorporate  relations  of  most  public  utilities 
make  effective  local  regulation  as  impossible  in  many  cases  as 
would  be  the  regulation  of  interstate  commerce  by  a  state 
railroad  commission.  It  is  believed,  therefore,  that  a  single 
state  commission  with  ample  powers  and  conspicuous  responsi- 
bility will  be  most  satisfactory.  This  does  not  mean  that  in  the 
largest  cities  local  commissions  cannot  be  of  great  value  in  in- 
vestigating local  conditions  in  greater  detail,  and  in  collecting 
local  information;  but  even  if  they  do  exist,  a  state  commission 
is  just  as  necessary/ to  supplement  them,  and  to  secure  in  their 
work  uniformity,  equality,  and  efficiency. 

An  objection  often  urged  against  any  state-wide  measure  of 
this  kind  is  that  it  means  the  domination  of  the  cities  by  country 
districts  and  the  **  farmer  vote."  In  matters  of  fundamental 
progress,  however,  the  interests  of  city  and  country  are  one  and 
the  same;  and  apparent  opposition  often  terminates  in  mutual 
benefit.  You  will  recall  an  example  of  this  at  the  time  when  the 
Metropolitan  Water  District  of  Boston  undertook  to  condemn 
additional  drainage  areas  in  Massachusetts.  The  protest  of  the 
country  districts  resulted  in  an  act  by  the  General  Court  of  1907, 
requiring  that  all  cities  and  towns  in  the  Metropolitan  Water 
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District  "  shall,  after  December  31,  1907,  equip  with  water  meters 
all  water  services  thereafter  installed  for  them,  and  shall  also 
annually  equip  with  water  meters  five  per  cent,  of  the  water 
services  which  were  unmetered  on  December  31,  1907."  The 
effect  has  been  to  reduce  the  waste,  to  prolong  the  life  of  the  works 
then  existing,  and  to  postpone  the  expenditure  of  great  sums  for 
extensions. 

A  further  criticism  of  the  commission  idea  is  that  the  machin- 
ery may  readily  come  under  the  control  of  a  few  bad  men.  No 
system  can  take  the  place  of  good  men  in  public  life.  But  experi- 
ence has  shown  that  when  large  responsibility  is  conspicuously 
centered  on  a  few  men,  with  full  publicity  regarding  then-  pro- 
ceedings, such  fears  are  usually  groundless.  The  recent  tendency 
toward  the  commission  form  of  municipal  government  is  based  on 
the  same  principle. 

To  quote  again  from  Justice  Timilin,  in  deciding  a  case  appealed 
from  the  Wisconsin  Railroad  Commission,  — 

"  Experience  tends  to  show  that  public  officers,  as  well  as  pri- 
vate citizens,  are  apt  to  rise  in  character  and  dignity  to  meet 
responsibility,  but  to  shift  a  responsibility  where  opportunity 
of  shifting  is  easily  afforded,  and  thereby  to  deteriorate  in  efficiency 
and  in  character.'' 

In  most  communities,  appointment  of  members  to  the  State 
Public  Utility  Commission  is  the  most  satisfactory  method  of 
selection.  Appointees  should  be  men  of  wisdom,  deliberation, 
scientific  honesty,  judicial  temperament,  breadth  of  view,  and 
public  spirit,  with  wide  knowledge  and  experience  in  business, 
finance,  economics,  and  public  service.  Engineering  and  legal 
training  are  best  adapted  to  secure  some  of  these  characteristics; 
but  the  qualifications  mentioned  are  more  essential  than  such  a 
detail  as  professional  training,  and  technical  service  can  be  secured 
by  the  employment  of  experts.  The  importance  of  the  benefits 
accruing  to  the  public  justifies  ample  salaries  so  as  to  secure  the 
services  of  the  ablest  men.  Full  power  should  be  given  to  such  a 
^commission  to  investigate  accidents,  rates,  and  service;  to  make 
valuations;  to  require  uniform  accounts  and  uniform  reports, 
and  control  issue  of  securities  and  financial  management;    to 
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require  proper  allowance  for  depreciation;  to  examine  accounts 
and  inspect  property;  and  to  make  and  enforce  orders  regarding 
rates,  standards,  service,  and  discrimination.  Full  publicity  in  all 
matters  is  desirable.  Future  experience  will  show  whether  or 
not  it.  is  advisable  to  include  provision  for  a  modified  form  of  the 
recall,  such  as  is  the  novel  feature  of  the  Connecticut  law. 

It  is  still  too  early  to  form  a  final  opinion  regarding  the  results 
of  thorough-going  regulation  of  the  Wisconsin  type;  but  the 
tendency  toward  better  service,  better  f eeliiiig  between  the  utilities 
and  the  public,  more  equitable  rates,  greater  stability  of  securities, 
and  disappearance  of  discrimination  and  of  corruption  of  local 
politics  by  franchise-seeking  companies  is  unmistakable. 

This  is  a  subject  of  great  and  growing  importance,  and  one  which 
will  in  the  immediate  future  come  up  for  legislation  in  many  of  the 
states  that  have  not  already  taken  care  of  it.  The  members  of 
this  Association,  and  the  Association,  are  in  a  position  to  make  a 
public  contribution  of  great  value  by  taking  an  active  interest  in  the 
consideration  and  development  of  such  legislation,  throughout 
the  states  in  which  the  membership  is  active. 

DISCUSSION. 

Mb.  F.  Herbert  Snow.*  Mr.  President,  I  live  in  a  common- 
wealth where  the  need  of  state  and  national  control  of  public 
utilities  is  felt.  The  control  of  floods  and  the  conservation  of 
the  water  resources  has  to  do  at  one  end  of  the  matter  with  the 
individual  ownership  of  land  and  riparian  rights,  while  at  the 
other  end  it  has  to  deal  with  affairs  involving  state  rights  and 
the  national  control. 

One  of  the  hopeful  signs  of  the  times  is  the  taking  out,  by 
common  consent,  from  petty  politics  of  affairs  having  such  ex- 
tended scope.  A  large  project  may  be  rendered  impracticable  of 
accomplishment  because  of  petty  hindrances  at  the  roots,  where 
the  individual  (protected  in  his  rights  by  laws  obscure  as  to 
meaning  through  the  practice  of  the  courts  varying  in  different 
jurisdictions  and  states)  may  by  wrong  political  methods  direct 
sentiment  in  channels  to  obtain  what  appears  to  be  the  protec- 

*  Chief  Engineer,  Pennfiylvania  Department  of  Health. 
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tion  of  the  common  interests  when,  to  the  contrary,  the  public 
benefits  are  lessened  and  the  development  of  resources  for  the 
common  good  is  prevented. 

Some  very  good  projects  that  should  have  been  municipally 
owned  have  been  permitted  to  pass  into  the  hands  of  private 
ownership  because  of  despair  as  to  ever  making  the  improvement 
properly,  or  of  maintaining  the  improvement  thereafter  satisfac- 
torily, under  municipal  control.  Again,  the  opposite  has  been 
true.  The  better  citizens  of  the  community  were  opposed  to  the 
passing  into  the  hands  of  capitalists  of  the  public  utility;  but 
through  political  majiipulation  public  control  was  lost  and  the 
citizens  of  such  communities  feel,  whether  it  be  justly  or 
unjustly  founded,  that  they  are  in  the  hands  and  grasp  of  a 
monopoly. 

Speaking  with  respect  to  small  water-works  systems,  my 
observation  has  been  that  it  is  easier  and  more  satisfactory  to 
control  a  water-works  system  owned  by  private  capital  than  to 
handle  and  control  municipally  owned  water  works.  In  the 
former  case,  the  law  is  less  cumbersome  and  punishment  can  be 
inflicted  more  readily  and  promptly,  while  in  the  latter  case  there 
are  many  obstacles  to  the  successful  administration  of  the 
law. 

Politics  cannot  be  eliminated  from  public  affairs,  but  they  can 
be  toned  up  considerably.  The  time  has  come  when  reputable 
citizens  of  a  community  should  no  longer  hold  aloof  from  participa- 
tion in  practical  politics.  If  men  would  stop  criticising  the  con- 
duct of  public  affairs  and  instead  would  participate  actively  in 
politics,  the  result  at  once  would  be  the  fairer  and  more  intelligent 
discussion  of  public  matters,  and  more  rapid  progress  in  the 
distribution  of  benefits  where  they  belong,  among  the  people, 
would  accrue. 

Undoubtedly  many  of  you  have  observed  how  easy  public 
sentiment  can  be  aroused  against  the  management  of  privately 
owned  water  works.  However,  capitalists  have  securities  to 
protect  and  they  must  be  financially  responsible  to  be  worthy  of 
public  confidence  so  far  as  investments  are  concerned.  If  the 
revenues  are  not  sufficient,  bankruptcy  follows.  With  a  munici- 
pally owned  plant  deficits  can  be  made  up  out  of  general  taxation. 
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The  public  treasiiry  is  a  safeguard,  and  so  it  is  more  feasible  to  do 
things  in  connection  with  a  municipally  owned  system  than  with 
a  privately  owned  system. 

In  New  England,  where  most  of  the  water  works  are  owned  by 
the  municipality,  the  necessity  for  state  regulation  and  control  of 
the  water-works  system  may  not  be  felt  as  keenly  as  in  a  state 
where  the  works  are  largely  owned  and  operated  by  capitalists. 
I  believe  that  the  regulation  of  public  utilities  should  embrace 
the  water-works  system  regardless  of  ownership,  whether  it  be  a 
municipal  corporation,  a  private  corporation  or  individual,  if  the 
regulation  is  to  take  in  water  works  at  all. 

When  we  come  to  the  matter  of  dams  and  storage  reservoirs  on 
streams  as  a  part  of  the  development  of  the  water  resources  of  a 
district,  it  is  apparent  that  a  great  resource  like  water  should  not 
be  developed  over  any  extended  area  except  for  the  benefit  of  all 
concerned.  It  is  too  true  that  a  few  individuals,  under  the  advice 
of  skilled  attorneys  learned  in  law,  can  hold  up  the  development  of 
this  great  resource  until  the  benefits  are  directed  into  the  desired 
channels  where  a  few  will  profit  more  in  proportion  to  their  inter- 
ests than  will  the  public. 

Conservation  and  utilization  of  water  resources  is  a  profound 
subject.  It  calls  for  more  comprehensive  laws  and  a  change  in 
the  practice  or  administration  of  law.  There  is  such  a  wide 
range  in  the  application  of  legislation  affecting  rights,  that  hardly 
anybody  seems  to  know  what  to  depend  upon.  The  practical 
result  of  it  all  to-day  is  a  great  hindrance  to  the  enrichment  of  the 
people  through  the  development  of  this  resource.  A  short  cut 
to  proper  development  of  water  power  and  water  wealth  may  be 
found  in  state  and  national  control  of  public  utilities  dealing  in 
water.  It  is  possible,  beginning  in  the  district  or  the  county  and 
extending  to  the  state  and  national  control,  to  bring  all  under  some 
practical  plan  of  cooperation.  I  do  not  see  clearly  now  how  it 
can  be  done  at  this  moment ;  but  I  believe  in  the  proposition  and 
that  it  will  be  worked  out.  I  would  not  hesitate,  were  the  re- 
sponsibility placed  upon  me,  to  undertake  the  solution  of  the  prob- 
lem. Furthermore,  I  know  of  other  students  and  men  engaged 
in  rubbing  up  daily  against  these  problems  in  a  minor  way,  who 
are  inspired  with  confidence  that  a  solution  of  the  great  problem 
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vnl\  be  reached  along  lines  under  which  the  interests  of  the  public 
will  be  subserved. 

Finally,  one  will  not  read  of  failure  of  dams  and  the  devastation 
of  communities  in  the  valley  below,  after  it  has  become  impossible 
for  any  one  to  build  a  dam  and  maintain  a  reservoir  except  under 
the  responsible  supervision  of  a  competent  engineer. 

I  have  labored  in  my  state  of  Pennsylvania  for  an  organization 
and  unification  of  engineers,  not  for  the  purpose  of  promulgating 
trade  unionism  standards,  but  for  the  greater  and  higher  benefit 
of  organizatiofi  along  professional  lines.  I  would  make  it  compul- 
sory on  all  public  works  in  towns,  counties,  and  state,  for  a  certified 
engineer  to  be  employed.  I  would  not  prohibit  the  individual 
from  employing  whomsoever  he  might  choose  up  to  a  certain 
extent;  but  I  would  not  permit  any  incompetent  man  to  have 
responsible  charge  of  structures  or  facilities  having  to  do  with  and 
involving  the  safety  and  lives  and  the  health  of  the  people.  It  is 
all  right  to  have  the  public  utility  commission  and  state  or  central 
control  of  public  utilities,  but  without  the  fixing  by  statute  of 
the  relation  between  the  public  and  the  engineer  and  without 
licensure  or  control  to  a  certain  extent  of  the  practice  of  civil 
engineering  in  connection  with  pubhc  utilities,  any  public  utility 
commission  will  find  itself  greatly  handicapped  in  bringing  about 
the  greatest  good  to  the  greatest  number  of  people. 

Believing  as  I  do  that  I  will  soon  see  organization  and  unification 
of  members  of  the  engineering  profession,  and  that  affairs  relatmg 
to  public  utilities  will  by  general  and  common  consent  be  placed 
under  central  control,  state  and  national,  and  that  furthermore 
the  people  of  this  land  are  rapidly  coming  into  their  intelligent 
possession  of  it  through  the  separation  of  many  practical  matters 
that  have  no  real  political  significance,  but  that  have  up  to  the 
present  time  been  prominent  considerations  in  dominating  the 
political  parties,  I  can  conclude  this  rambling  discussion  by  holding 
up  for  contemplation  a  most  optimistic  view.  May  we  all  live 
and  help  to  make  it  a  speedy  consummation! 
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PROCEEDINGS. 

Buzzards  Bay,  June  26,  1912. 

The  June  meeting  of  the  New  England  Water  Works  Associa- 
tion was  held  at  Buzzards  Bay,  Mass.,  on  June  26,  1912. 
The  following  members  and  guests  were  present: 

Membbhs. 

J.  M.  Anderson,  F.  E.  Appleton,  C.  H.  Baldwin,  L.  M.  Bancroft,  G.  W. 
Baiohelder,  J.  W.  Blackmer,  E.  C.  Brooks,  James  Bumie,  T.  J.  Carmody, 
J.  C.  Chase,  J.  H.  Child,  R.  C.  P.  Coggeshall,  W.  R.  Conard,  G.  E.  Crowell, 
A.  W.  Cuddeback,  F.  W.  Dean,  J.  C.  DeMello,  Jr.,  A.  0.  Doane,  G.  F.  Evans, 
E.  D.  Eldredge,  G.  H.  Finneran,  A.  N.  French,  A.  S.  Glover,  Clarence  Gold- 
smith, X.  H.  Goodnough,  J.  C.  Heunmond,  Jr.,  L.  M.  Hastings,  D.  A.  Heffer- 
nan,  C.  E.  Johnson,  Willard  Kent,  G.  A.  King,  J.  J.  Kirkpatrick,  C.  A.  Leary, 
T.  J.  Lynch,  T.  J.  MacCarthy,  F.  A.  Mclnnes,  T.  H.  McKenzie,  C.  T.  Main, 
John  Mayo,  G.  F.  Merrill,  J.  W.  Moran,  A.  S.  Negus,  G.  A.  Nelson,  F.  L. 
Northrop,  J.  K.  Nye,  H.  E.  Perry,  E.  B.  Phelps,  W.  H.  Pitman,  L.  C.  Robin- 
son, A.  L.  Sawyer,  W.  E.  Smith,  G.  H.  Snell,  R.  L.  Tarr,  C.  N.  Taylor,  D.  N. 
Tower,  Percy  Warren,  L.  R.  Washburn,  W.  J.  Wetherbee,  J.  C.  Whitney,  L.  J. 
Wilber,  F.  B.  Wilkins,  G.  E.  Winslow.  —  62. 

Associates. 

Harold  L.  Bond  Company,  by  Geo.  S.  Hedge;  Builders  Iron  Foundry,  by 
A.  B.  Coulters;  Goulds  Manufacturing  Company,  by  R.  E.  Hall;  Hersey 
Manufacturing  Company,  by  A.  S.  Glover,  H.  D.  Winton;  H.  Mueller  Manu- 
facturing Company,  by  G.  A.  Caldwell;  Millar  &  Son  Company,  by  C.  F. 
Qlavin;  National  Meter  Company,  by  C.  H.  Baldwin,  J.  G.  Lufkin;  Norwood 
Engineering  Company,  by  C.  E.  Childs;  Pittsburg  Meter  Company,  by  B.  A. 
Lester;  Rensselaer  Valve  Company,  by  C.  L.  Brown,  F.  S.  Bates;  Ross  Valve 
Manufacturing  Company,  by  C.  W.  Ross;  A.  P.  Smith  Manufacturing  Com- 
pany, by  D.  F.  O'Brien,  T.  F.  Halpin,  F.  L.  Northrop;  Standard  Cast  Iron 
Pipe  and  Foundry  Company,  by  W.  F.  Woodburn;  Thomson  Meter  Com- 
pany, by  E.  M.  Shedd;  United  States  Cast  Iron  Pipe  and  Foundry  Company, 
by  D.  B.  Stokes;  Water  Works  Equipment  Company,  by  W.  H.  Van  Winkle; 
R.  D.  Wood  &  Co.,  by  C.  R.  Wood;  Henry  R.  Worthington,  by  Samuel 
Harrison.  —  23. 
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GUEBTB. 


Arthur  Rowland,  F.  M.  Miner,  Mrs.  E.  B.  Phelps,  Col.  C.  P.  Nutter, 
W.  H.  Bacon,  S.  M.  Spencer,  A.  W.  Parker,  Miss  J.  M.  Ham,  of  Boston;  Mrs. 
T.  J.  Carmody,  Miss  M.  Mann,  Miss  C.  Sullivan,  Miss  H.  Hanley,  of  Holyoke; 
Mis.  Geo.  E.  Winslow,  Miss  Myra  Winslow,  Mr.  C.  H.  Mann,  of  Waltham; 
Mrs.  G.  H.  Snell,  Mrs.  Frank  HunneweU,  Miss  Bertha  Hunnewell,  of  Attle- 
boro;  E.  W.  Hall,  West  Acton;  S.  P.  Hurd,  Swampscott;  H.  S.  Howe, 
Concord,  F.  B.  Wilkins,  MiTford,  N.  H.;  Mrs.  E.  C.  Brooks,  Cambridge; 
N.  B.  Tower,  Cohasset;  T.  Appleton,  Chelsea;  G.  E.  Hildreth,  Manchester; 
W.  H.  Larcom,  Beverly;  Mrs.  L.  M.  Bancroft,  Reading;  W.  M.  Foster, 
Nashua,  N.  H.;  C.  F.  Goodnough,  Brookline;  Raymond  Allen,  Manchester; 
John  Ayer,  Newton  Highlands;  H.  R.  Draper,  Ayer;  Mr.  A.  S.  Ackerman, 
Mr.  Waring,  of  Cape  Cod;  F.  E.  Smith,  N.  Andover;  W.  Whittemore, 
Weston;  F.  L.  Branham,  Lowell;  C.  E.  Shattuck,  Wellesley;  W.  J.  Tumbull, 
State  Farm;  Master  Edward  H.  Eldredge,  Onset;  Mrs.  L.  J.  Wilber,  Brock- 
ton; Charles  S.  Ashley,  W.  F.  Williams,  F.  H.  Taber,  F.  P.  Washburn,  C.  H. 
Gifford,  New  Bedford,  Mass.  —  48. 

The  Secretary  read  applications  for  membership,  duly  approved, 
from:  F.  C.  Beck,  treasurer  St.  Johnsbury  Aqueduct  Company, 
St.  Johnsbury,  Vt.;  G.  A.  Benjamin,  manager  Castine  Water 
Company,  Castine,  Me.;  J.  T.  Bowles,  physiologist,  Ca^al  Zone, 
Cristobal,  C.  Z.;  J.  W.  M.  Bunker,  instructor  in  sanitary  analysis, 
Harvard  University,  Cambridge,  Mass.;  W.  M.  Davis,  city 
engineer,  Prince  Rupert,  B.  C;  E.  J.  Fossas,  student,  524  West 
124th  Street,  New  York,  N.  Y.;  G.  W.  Hubbard,  superintendent 
water  works  and  Ijght  plant,  Elberton,  Ga.;  J.  J.  Mack,  14  Barr 
Street,  Salem,  Mass. ;  J.  H.  Mendell,  superintendent  water  works, 
Manchester,  N.  H.;  R.  H.  Steams,  designing  engineer,  Board  of 
Water  Commissioners,  Hartford,  Conn.;  F.  P.  Washburn,  New 
Bedford  Water  Board,  New  Bedford,  Mass.;  M.  C.  Whipple, 
instructor  in  sanitary  chemistry,  Harvard  University,  Cambridge, 
Mass. 

The  Secretary  was  directed  to  cast  one  ballot  in  favor  of  the 
applicants,  and  he  having  done  so  they  were  declared  duly  elected 
members  of  the  Association. 
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The  Thirty-First  Annual  Convention. 

Washington,  D.  C, 
September  18,  19,  20,  1912. 

The  thirty-first  annual  convention  of  the  New  England  Water 
Works  Association  was  held  at  Washington,  D.  C,  September  18, 
19,  and  20,  1912. 

The  official  headquarters  of  the  Association  were  at  the  Con- 
gress Hall  Hotel,  where  the  sessions  of  the  convention  were  held 
and  the  associate  members  displayed  their  exhibits. 

The  following-named  members  and  guests  were  in  attendance: 

Honorary  Member. 
F.  W.  Shepperd.  —  l. 

Members. 

S.  A.  Agnew,  E.  R.  B.  Allardice,  K.  Allen,  Dr.  J.  A.  Amyot,  J.  M.  Anderson, 
M.  N.  Baker,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft,  F.  A.  Barbour, 
Edward  Bartow,  G.  B.  Bassett,  G.  W.  Batchelder,  G.  A.  Benjamin,  C.  R. 
Bettes,  Philander  Betts,  F.  E.  Bisbee,  A.  E.  Blackmer,  J.  W.  Blackmer,  C.  A. 
BogarduB,  James  Bumie,  T.  J.  Carmody,  C.  E.  Chandler,  E.  S.  CJole,  W.  R. 
Ck)nard,  J.  H.  Cook,  H.  R.  Cooper,  L.  S.  Doten,  H.  P.  Eddy,  E.  D.  Eldiedge, 
F.  L.  Fuller,  A.  S.  Glover,  W.  B.  Goentner,  J.  M.  Goodell,  F.  E.  Hall,  Paul 
Hansen,  R.  J.  Harding,  W.  C.  Hawley,  F.  S.  Hollis,  W.  C.  Hooper,  J.  L.  Hyde, 

D.  D.  Jackson,  G.  G.  Kennedy,  E.  W.  Kent,  Willard  Kent,  J.  A.  Kienle,  G.  A. 
King,  J.  J.  Kirkpatrick,  F.  W.  Green,  Morris  Knowles,  B.  C.  Little,  J.  B. 
Longiey,  T.  J.  Lynch,  Daniel  MacDonald,  T.  H.  McKenzie,  H.  B.  Machen, 
John  Mayo*,  G.  F.  Merrill,  William  Murdoch,  J.  A.  Newlands,  F.  L.  Northrop, 

E.  L.  Nuebiing,  T.  A.  Peirce,  A.  E.  Pickup,  W.  H.  C.  Ramsey,  J.  F.  Reagan, 
Jr.,  A.  A.  Reimer,  C.  H.  Ross,  H.  F.  Salmonde,  P.  R.  Sanders,  Henry  W. 
Sanderson,  J.  E.  Sheldon,  G.  H.  Snell,  J.  F.  Sprenkel,  G.  A.  Stacy,  G.  T. 
Staples,  Sydney  Smith,  J.  A.  Tilden,  J.  C.  Trautwine,  Jr.,  A.  E.  Walden,  J.  H. 
Walsh,  R.  S.  Weston,  G.  C.  Whipple,  L.  J.  Wilber,  G.  E.  Winslow,  I.  S.  Wood, 
Walter  Wood,  Timothy  Woodruff.  —  88. 

Associates. 

T.  D.  Bausher;  N.  S.  Sapmis  and  A.  B.  Coulters,  of  Builders'  Iron  Foundry; 
R.  W.  Conrow,  Central  Foundry  Company;  F.  H.  CoflSn,  F.  H.  Coffin  &  Co.; 
C.  J.  Fay,  Coffin  Valve  Company;  J.  L.  Hough,  DarUng  Pump  and  Manu- 
facturing Company;  C.  A.  Vaughan  and  P.  H.  Williams,  Gamon  Meter  Com- 
pany;  A.  F.  Fisher,  Glauber  Brass  Manufacturing  Company;   C.  Mueller 
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and  H.  S.  Piper,  Hays  Manufactuiing  Company;  J.  A.  Tilden,  W.  C.  Sher- 
wood, A.  S.  Glover,  H.  C.  Erwin,  Jr.,  and  E.  J.  McKee,  Hersey  Manufacturing 
Company;  T.  E.  Dwyer,  Lead  lined  Iron  Pipe  Company;  H.  F.  Gould,  Lud- 
low Valve  Manufacturing  Company;  C.  F.  Glavin,  Charles  Millar  &  Son  Co. ; 
G.  A.  Caldwell,  F.  B.  Mueller,  and  C.  F.  Ford,  H.  Mueller  Manufacturing 
Company;  C.  H.  Baldwin  and  J.  G.  Lufkin,  National  Meter  Company;  H.  B. 
Hodgman,  National  Water  Main  Cleaning  Company;  T.  D.  Faulks,  Neptune 
Meter  Company;  H.  W.  Hosford,  Norwood  Engineering  Company;  J.  B. 
Turner,  T.  C.  Clifford  and  V.  E.  Arnold,  Pittsburgh  Meter  Company;  C.  L. 
Brown,  Rensselaer  Valve  Company;  William  Ro&s,  Ross  Valve  Manufactur- 
ing Company;  H.  F.  Halpin  and  J.  Strackbein,  A.  P.  Smith  Manufacturing 
Company;  E.  M.  Shedd,  S.  D.  Higley,  and  J.  H.  Atwell,  Thomson  Meter 
Company;  L.  P.  Anderson,  Union  Water  Meter  Company;  D.  B.  Stokes, 
United  States  Cast  Iron  Pipe  and  Foundry  Company;  W.  H.  Van  Winkle, 
Water  Works  Equipment  Company;  C.  R.  Wood  and  H.  S.  Simons,  R.  D. 
Wood  &  Co.:  J.  A.  Port  and  Samuel  Harrison,  Henry  R.  Worthington;  E.  F. 
Bart,  National  Tube  Company;  W.  F.  Woodbum,  Standard  Cast  Iron  Pipe 
and  Foundry  Company.  —  47. 

Guests. 

Clinton  L.  Bancroft,  Wakefield,  Mass.;  Mrs.  Samuel  Harrison,  Boston, 
Mass.;  Mrs.  F.  M.  Eayrs,  Nashua,  N.  H.;  Miss  Ida  Flagg,  Philadelphia,  Pa.; 
Master  Neddie  Eldredge,  Onset,  Mass.;  Mrs.  C.  A.  Vaughan,  Newark,  N.  J.; 
Mrs.  George  E.  Winslow,  Waltham,  Mass.;  Miss  Mary  Wales  Glover,  New- 
ton, Mass.;  Mrs.  Geo.  T.  Staples,  Miss  Florence  S.  Staples,  and  Miss  Grace 
M.  Staples,  Dedham,  Mass.;  Mrs.  Geo.  A.  King,  Taunton,  Mass.;  Miss 
Margaret  Hawley,  Wilkinsburg,  Pa.;  Mrs.  John  Mayo,  Bridgewater,  Mass., 
Mrs.  George  A.  Caldwell,  Boston,  Mass.;  F.  P.  Hellev,  Mrs.  F.  P.  Hellev; 
and  A.  E.  Leinbach,  Reading,  Pa.;  Mrs.  H.  N.  Hosford,  Florence,  Mass.; 
Mrs.  L.  J.  Wilbur,  Brockton,  Mass.;  Mrs.  George  H.  Snell,  Attleboro,  Mass.; 
Miss  Eldith  M.  States,  Attleboro,  Mass.;  Mrs.  John  H.  Cook,  Passaic,  N.  J.; 
Mrs.  F.  L.  Fuller,  Wellesley,  Mass.;  Mrs.  R.  J.  Harding,  Poughkeepsie,  N.  Y.; 
Robert  W.  Grout,  Woonsocket,  R.  I.;  Mrs.  F.  W.  Shepperd,  New  York; 
Mrs.  T.  F.  Halpin  and  Miss  Mary  Smith,  Newark,  N.  J.;  L.  D.  Conklin, 
Bethlehem,  Pa.;  A.  R.  McKlin,  Albany,  N.  Y.;  Mrs.  James  Burnie  and  Miss 
Helen  M.  Burnie,  Biddeford,  Me.;  Mrs.  N.  R.  Cooper,  Thompson ville,  Conn.; 
Geo.  C.  More  and  Mrs.  Geo.  C.  More,  Middletown,  Conn.;  J.  P.  Newman, 
New  York  City;  J.  S.  Biszby,  Moorestown,  N.  J.;  Mrs.  W.  B.  Goentner, 
New  York;  S.  C.  Mackley,  Roanoke,  Va.;  L.  M.  Hills,  Mis.  L.  M.  Hills,  and 
Mrs.  E.  R.  B.  AUardice,  Chnton,  Mass.;  A.  W.  Warner,  Philadelphia,  Pa.; 
Mrs.  E.  W.  Kent,  Newport,  R.  I.;  W.  H.  V.  Reimer,  Mrs.  W.  H.  V.  Reimer, 
and  Miss  I.  A.  Reimer,  East  Orange,  N.  J.;  James  L.  Wilde,  Washington, 
D.  C;  James  P.  Bacon,  Arlington,  Mass.;  William  H.  Larcom,  Beverly, 
Mass.;  Mrs.  C.  E.  Chandler,  Norwich,  Conn.;  Mrs.  George  A.  Stacy,  Marl- 
boro, Mass.;  Willard  S.  Isham,  Washington,  D.  C;   May  I.  Agnew,  Brook- 
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lyn,  N.  Y.;  Mrs.  Irving  S.  Wood,  Providence,  R.  I.;  Mrs.  T.  A.  Pierce  and 
Mrs.  Emma  A.  Vaughan,  East  Greenwich,  R.  I.;  Edgar  J.  Buttenhcim, 
The  American  Ciiyy  New  York;  Henry  Gannett,  Washington,  D.  C;  Farley 
Gannett,  Harrisburg,  Pa.;  Mrs.  George  A.  Benjamin,  Castine,  Me.;  W.  F. 
Disney,  RockviJle,  Md.;  Agnes  C.  Babb,  Augusta,  Me.;  Adam  Ross,  2d, 
Troy,  N.  Y.;  Phillip  P.  Wells,  Washington,  D.  C;  F.  J.  Wise,  Pittsfield, 
Mass.;  William  McSweeney,  Boston,  Mass.;  Mrs.  Willard  Kent,  Ndrra- 
gansett  Pier,  R.  I.;  WUliam  T.  Wells,  Washington,  D.  C;  Andrew  E.  Barrett, 
Lowell,  Mass.;  Mrs.  Thomas  J.  Carmody,  Miss  Elizabeth  Lynch,  Miss  Maria 
Maria,  and  Mrs.  Walter  Hanley,  Holyoke,  Mass. ;  Edward  K.  Otis,  Worcester, 
Mass.;  H.  C.  Hatton,  Wilmington,  Del.;  W.  J.  Dodge,  Chattanooga,  Tenn.; 
A.  Clinton  Decker,  Birmingham,  Ala.;  R.  L.  Clemmitt  and  Miss  Frances  E. 
Allen,  Baltimore,  Md.;  H.  D.  Yat,  Washington,  D.  C;  Fred  W.  Schultz, 
New  York;  Miss  Joan  M.  Ham,  Boston,  Mass.  —  85. 

Wednesday,  September  18,  Morning  Session. 

The  convention  was  called  to  order  at  10.30  a.m.  by  George  W. 
Batchelder,  the  President,  who  said : 

Ladies  and  Gentlemen  of  the  New  England  Water  Works  Associa- 
tion,  —  I  trust  that  the  convention  which  opens  this  morning  will* 
be  a  source  of  profit  and  enjoyment  to  you  all.  We  are  meeting 
many  miles  away  from  our  headquarters  in  Boston,  and,  lest  we 
should  feel  like  strangers  in  a  strange  land,  a  distinguished  gentle- 
man has  consented  to  speak  words  of  welcome  to  us.  I  take 
pleasure  in  presenting  to  you  at  this  time  Col.  William  V.  Judson^ 
engineer  commissioner  of  the  District  of  Columbia. 

Colonel  Judson.  Gentlemen^  It  is  a  great  privilege  to  supply 
communities  with  a  product  against  which  there  is  no  prejudice  — 
to  use  which  liberally  is  not  to  be  extravagant  but  to  insure  health 
and  cleanliness. 

In  introducing  so  many  springs  of  limpid  water  into  the  dwellings 
of  men  you  are  doing  or  facilitating  the  things  that  most  differen- 
tiate the  life  of  civilized  man  from  the  life  of  the  savage. 

From  the  modern  scheme  of  things  you  could  be  spared  least 
of  all. 

If  communities  depend  upon  you  for  the  exercise  of  so  all- 
important  a  function,  your  responsibility  is  great  indeed.  The 
satisfied  purveyor  of  water  that  carries  to  people  the  germs  of 
disease  and  death  merits  the  punishment  awarded  to  the  homicide. 

I  know  some  of  your  worries.     Especially  at  the  present  time, 
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when  we  have  just  raised  our  water  rates,  am  I  brought  to  realize 
the  extreme  reluctance  people  exhibit  to  pay  a  fair  price  for 
water. 

Gentlemen,  in  behalf  of  the  District  Commissioners  I  welcome 
you  to  Washington.  I  hope  you  will  forget  worries  of  all  kinds 
and  enjoy  your  stay  with  us. 

The  President.  Colonel  Judson,  in  behalf  of  the  Association, 
I  wish  to  thank  you  for  your  cordial  and  hearty  words  of  wel- 
come. I  am  sorry  that  you  have  so  much  trouble  on  your  mind, 
but  you  don't  show  it  a  great  deal,  and  I  think  you  will  pull  through. 
We  would  like  very  much  to  have  you  stay  with  us  as  long 
as  you  find  it  convenient,  at  the  meeting  to-day  or  at  any  future 
meetings  while  we  are  in  your  city.  We  expect  to  go  away  with 
pleasant  recollections  of  Washington,  and  we  may  come  back 
again  at  some  future  time. 

The  Secretary  read  the  following  names  of  applicants  for  mem- 
bership, all  of  whom  had  been  properly  endorsed  and  approved  by 
the  Executive  Committee : 

Active:  Daniel  Francis  McCarthy,  city  engineer  and  super- 
intendent of  streets,  sewers,  and  water  works,  St.  Albans,  Vt.; 
George  Neut,  chief  engineer  of  water  works,  Santiago,  Chili; 
Charles  R.  Harris,  Portland,  Me.,  bookkeeper  Portland  Water 
Company;  Langdon  Pearse,  Chicago,  111.,  division  engineer, 
Sewage  Disposal  Investigations,  Sanitary  District  of  Chicago; 
A.  S.  Malcomson,  Freeport,  N.  Y.,  general  manager  of  the  Hemp- 
stead and  Oyster  Bay  Water  Company  of  Merrick,  Long  Island. 

Associate:  Thomas  D.  Bausher,  Reading,  Pa.,  inventor  and 
maker  of  kindling  and  fuel,  water  works  and  plumbers'  furnaces, 
thawing  furnaces  for  frozen  earth,  heating  furnaces  for  orchards, 
icy  sidewalks,  and  other  devices;  National  Tube  Company,  Pitts- 
burgh, Pa.,  manufacturer  of  pipe  fittings,  valves,  seamless  tubing, 
etc. 

On  motion  of  Mr.  Frank  L.  Fuller,  the  Secretary  was  empowered 
to  cast  the  ballot  of  the  Association  in  favor  of  the  candidates, 
and,  he  having  done  so,  they  were  declared  by  the  President  duly 
elected  members  of  the  Association. 

The  Secretary  read  the  following  reports  of  committees: 
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Sb^tembeb  14,  1912. 
Mr.  WiLLARD  Kent, 

Secretary  New  England  Water  Works  Associationf 
715  Tremont  TemflE)  Boston,  Mass. 

Dear  Sir^  —  The  Coinimttee  on  Yield  of  Drainage  Areas  is  unable  to  make 
a  final  report  at  this  time.  The  returns  covering  the  dry  period,  which  in 
some  places  extended  from  June,  1908,  to  February,  1912,  have  been  received 
from  twelve  drainage  areas,  five  located  in  Massachusetts,  one  in  New  Hamp- 
shire, two  in  Connecticut,  and  four  in  the  easterly  portion  of  New  York. 

Extended  computations  and  comparisons  have  been  made  relating  to  these 
drainage  areas,  which  show  that  the  investigation  will  throw  much  light  on 
the  safe  3ield  from  streams  in  different  locations  with  varjring  quantities  of 
storage.  The  material  already  available  is  sufficient  for  a  report,  but  it  is 
expected  that  more  returns  will  be  received  before  our  final  report  is  made. 
We  hope  to  present  this  final  report  at  the  annual  meeting  in  January. 

Very  truly  yours, 

Frederic  P.  Stearns,  Chairman. 
H.  H.  Barrows,  Secretary. 

August  16,  1912. 
Mr.  WiLLARD  Kent, 

Secretary  N,  E,  W.  W.  Ass'n, 

715  Tremont  Temple,  Boston. 

Dear  Sir,  —  I  beg  to  report  for  the  Committee  on  "  Standard  Form  of 
Specifications  for  Cast-Iron  Water  Pipe  and  Special  Castings  "  that  no  meet- 
ings have  yet  been  held,  the  work  done  up  to  date  being  confined  entirely  to 
individual  consideration  of  the  subject. 

Respectfully, 

F.  A.  McInnes,  Chairman. 

Boston,  Mass.,  August  14,  1912. 
WiLLARD  Kent,  Secretary , 

New  England  Water  Works  Association, 
715  Tremont  Temple,  Boston,  Mass. 

Dear  Sir,  —  About  the  time  your  letter  was  received  negotiations  were  under 
way  with  the  hydrant  manufacturers  for  sample  hydrants  for  test  for  the 
information  of  the  committee  in  connection  with  the  hydrant  specifications, 
which  are  still  under  consideration,  and  we  held  your  letter  thinking  that  a 
little  later  we  might  be  able  to  know  definitely  just  when  the  tests  would  be 
made. 

We  are  pleased  to  say  that  arrangements  have  been  completed  for  the 
hydrants,  and  we  expect  that  these  will  be  shipped  to  the  testing  ground  within 
the  next  week  or  two.  This,  however,  will  not  be  in  time  to  permit  the  tests 
to  be  completed  and  the  committee  to  reach  final  conclusions  regarding  the 
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BpecificationB  before  the  September  convention  of  the  Association,  and  it  will,, 
therefore,  be  necessary  to  delay  report  until  a  later  meeting. 

Yours  truly ,^ 

H.  O.  Lacount,  Chairman, 

To  the  Members  of  the  New  England  Water  Works  AssocicUian,  —  Your 
Committee  on  Water  Consumption  Records  and  Statistics  regrets  its  inability 
to  make  final  report  at  this  time,  and  asks  to  be  continued. 

Substantial  progress  has  been  made  in  collecting  data  of  value  concerning 
water  consumption,  in  different  cities  in  New  England,  and  under  different 
conditions.  Your  committee  is  now  working  these  data  up,  and  is  considering 
the  most  desirable  revision  of  the  form  now  used  by  the  Association  for  col- 
lecting statistics  annually  from  the  various  water  works  and  departments 
represented  by  the  members  of  this  Association. 

Respectfully  submitted, 

Leonard  Metcalf^  Chairman. 

The  President  announced  that  the  reports,  being  merely  reports 
of  progress,  did  not  require.any  action  on  the  part  of  the  meeting. 
The  next  business  was  the  appointment  of  a  committee  to  nominate 
officers  for  the  ensuing  year.  Mr.  George  A.  Stacy  moved  that  a 
nominating  committee  of  five  be  appointed  by  the  chair.  The 
motion  was  adopted.  The  President  subsequently  appointed  the 
following  committee:  John  C.  Whitney,  Frank  A.  Barbour, 
Arthur  F.  Ballou,  Frederick  W.  Gow,  and  Robert  J.  Thomas. 

The  first  paper  on  the  program  was  on  "  State  Control  of  the 
Design  and  Construction  of  Dams  and  Reservoirs;  Actual  Prac- 
tice in  Eastern  Connecticut,"  by  Charles  E.  Chandler,  C.E.^ 
Norwich,  Conn.  The  President  called  upon  the  following-named 
gentlemen  to  discuss  the  paper :  Mr.  P.  P.  Wells,  chief  law  ofiicer 
of  the  Interior  Department;  Prof.  Philander  Betts,  member  of 
the  New  Jersey  Public  Utilities  Commission;  and  Mr.  Alex  Rice 
McKim,  inspector  of  dams  and  docks.  State  Conservation  Com- 
mission, Albany,  N.  Y.  Mr.  Theodore  H.  McKenzie,  C.E.^ 
member  of  the  Connecticut  State  Board  of  Health,  and  secretary 
and  treasurer  of  the  Terryville  Water  Company,  Southington,. 
Conn.,  also  contributed  a  written  discussion  of  the  paper. 

Mr.  Cyrus  C.  Babb,  chief  engineer  Water  Storage  Commission 
of  Maine,  Augusta,  Me.,  read  a  paper  entitled  *'  Certain  Legal 
Aspects  of  Water  Power  Development  in  Maine."    Mr.  Morris. 
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Knowles,  C.E.,  director  Department  of  Sanitary  Engineering, 
University  of  Pittsburgh,  Pa.,  followed  with  a  written  discussion 
of  the  paper,  which  was  also  discussed  by  Mr.  P.  P.  Wells,  Pro- 
fessor Betts,  and  Mr.  Arthur  A.  Reimer,  engineer  Water  Depart- 
ment, East  Orange,  N.  J. 

A  paper  on  "  State  Control  of  Dams  in  Pennsylvania,"  by 
Prof.  Frank  P.  McKibben,  of  Lehigh  University,  South 
Bethlehem,  Pa.,  was  read  by  Mr.  Leon  D.  Conkling,  and  was  dis- 
cussed by  Mr.  John  C.  Trautwine,  Jr. 

Thursday,  September  19,  Morning  Session. 

At  the  opening  of  the  session  on  Thursday  morning,  Mr.  T. 
Chalkley  Hatton,  the  designer  of  the  dam  at  Austin,  Pa.,  read  a 
paper  presenting  some  features  of  the  construction  and  subsequent 
failure  of  the  work;  and  Mr.  John  C.  Trautwine,  Jr.,  spoke" on  the 
same  subject. 

A  paper  entitled,  "  Reasonable  Requirements  Imposed  upon 
Water  Works  Systems  by  the  Fire  Protection  Problem,"  by  Mr. 
Clarence  Goldsmith,  C.E.,  superintendent  of  high  pressure 
system,  Boston,  Mass.,  was  read  by  Mr.  McSweeney,  and  was 
briefly  discussed  by  Mr.  Frank  L.  Fuller  and  Mr.  W.  C.  Hawley. 

Mr.  George  A.  Stacy.*  Mr,  President,  I  would  like  at  this 
time  to  ask  the  convention  to  digress  from  the  regular  order  of 
business,  for  I  believe  that  what  I  have  to  say  will  be  of  interest 
to  all  of  you. 

As  we  look  around  upon  the  faces  of  the  gentlemen  present  at 
this  convention,  we  miss  one  face  that  has  been  familiar  for  many 
years  to  the  older  members  of  the  Association  at  our  meetings. 
There  passed  on,  a  week  ago  last  Monday,  a  past  President  of 
this  Association,  who  has  been  closely  identified  with  its  progress 
and  prosperity.  I  believe  that  we  owe  it  as  a  duty  to  the  memory 
of  this  man  at  this  time  to  recognize  his  many  qualities  that  stood 
for  good,  and  the  interest  that  he  always  manifested  not  only  in 
the  Association  but  in  its  individual  members. 

Who  is  there  of  us  who  does  not  remember  with  pleasure  the 
greeting  that  always  came  to  us  from  Past-President  Charles  K. 

*  Superintendent  Water  Works,  Marlboro.  Mass. 
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Walker.  It  was  genuine.  We  knew  that  it  came  from  the  heart, 
and  whether  you  met  him  at  one  of  our  meetings,  or  at  his  home, 
or  on  the  street,  or  in  his  office,  he  was  the  same  thoroughly 
honest  man,  whose  integrity  was  as  unquestioned  as  the  stability 
of  the  hills  of  his  own  state.  He  was  a  man  of  sterling  character, 
modest  and  unassuming  in  his  demeanor,  but  firm  as  a  rock  in 
maintaining  what  he  considered  the  right  position.  In  discussion, 
Walker  was  fearless  and  struck  straight  from  the  shoulder.  This 
was  due  to  the  rugged  honesty  of  his  character  and  to  no  malice 
in  his  heart,  because  no  man  ever  had  a  kinder  heart  than  our 
past  President. 

Now,  gentlemen,  I  would  suggest  that  you  all  rise  and  join  with 
me  in  this  sentiment:  May  our  memory  of  him  be  alwajns  fresh 
and  green.  May  his  few  faults  be  forgotten  and  his  many  virtues 
blest.    Amen. 

Mr.  Robert  S.  Weston,  in  behalf  of  the  officers  of  the  Sanitary 
Engineers  Section  of  the  American  Public  Health  Association,  ex- 
tended an  invitation  to  the  members  of  the  Water  Works  Associa- 
tion to  attend  a  meeting  of  the  Health  Association,  to  be  held  for 
the  consideration  of  the  general  subject  of  the  pollution  of  rivers 
and  other  streams.  He  also  called  attention  to  the  exhibition  of 
models  of  water  purification  plants,  etc.,  in  connection  with  the 
Fifteenth  International  Congress  on  Hygiene  and  Demography. 
In  behalf  of  the  Association  the  President  thanked  Mr.  Weston  for 
the  invitations. 

Mr.  M.  N.  Baker  announced  that  as  chairman  of  the  Conserva- 
tion Committee  of  the  Association  he  had  received  a  letter  from 
the  president  of  the  Fourth  National  Conservation  Congress  re- 
questing the  Association  to  appoint  a  delegation  to  attend  the 
Congress  to  be  held  at  Indianapolis  in  October,  and  that  the  name 
of  Mr.  F.  S.  HoUis,  of  Indianapolis,  had  been  suggested  by  the 
Secretary  as  a  delegate.  Mr.  Baker  therefore  moved  that  Mr. 
HolUs  be  accredited  by  the  Association  to  attend  the  Congress,  and 
the  motion  was  adopted. 


proceedings.  297 

Evening  Session. 

At  the  evening  session  Mr.  Morris  Knowles,  director  Depart- 
ment of  Sanitary  Engineering,  University  of  Pittsburgh,  Pa.,  read 
a  paper  entitled  "  State  Regulation  of  Public  Utilities." 

Mr.  E.  C.  Church,  C.E.,  secretary  Department  of  Water 
Supply,  Gas,  and  Electricity,  New  York,  N.  Y.,  gave  an  outline 
of  "  The  Organization  and  Administration  of  a  Supply  Bureau." 

Mr.  M.  0.  Leighton,  chief  hydrographer  United  States 
Geological  Survey,  and  Mr.  F.  Herbert  Snow,  chief  engineer  of 
the  Pennsylvania  Department  of  Health,  discussed  the  general 
subject  of  governmental  control  of  dams  and  public  utilities; 
and  Mr.  Babb  replied  to  the  discussions  of  the  paper  presented 
by  him  at  the  Wednesday  morning  session. 

The  following-named  gentlemen  were  elected  members  of  the 
Association,  on  motion  of  Mr.  Morris  Knowles,  the  Secretary 
having  been  directed  to  cast  the  ballot  of  the  Association  in  their 
favor: 

Active:  F.  Herbert  Snow,  Pittsburgh,  Pa.,  chief  engineer  State 
Department  of  Health;  Fred  J.  Wise,  Pittsfield,  Mass.,  super- 
intendent of  water  works. 

Associate:  Carroll  Beale,  Washington,  D.  C,  manufacturer  of 
self -operating  valves  and  designer  of  water  works;  A.  R.  Murphy, 
assistant  engineer  with  John  A.  &  Edward  S.  Cole. 

The  Secretary  announced  that  the  committee  had  made  no 
special  arrangements  for  the  morrow,  but  that  Mr.  W.  A.  McFar- 
land,  of  the  Washington  Water  Department,  invited  the  members 
to  inspect  his  plant  and  would  have  his  organization  ready  to 
show  any  part  of  the  water  system  they  desired  to  see. 

The  Secretary  read  the  following  report  of  the  Committee  on 
Elxhibits,  which  was  accepted: 

Washington,  D.  C,  September  19,  1912. 

Mr.  President  and  Members  of  New  England  Water  Works  Association,  —  I 
take  pleasure  in  submitting  my  report  as  to  the  exhibits  displayed  here  for 
the  inspection  of  our  members. 

The  representatives  of  the  various  manufacturers  wish  to  express  their 
pleasure  at  the  interest  shown  by  those  inspecting  their  goods. 
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The  following  are  represented: 

The  Pitometer  Company,  of  New  York,  water  meaauring  device. 

Coffin  Valve  Company,  of  Boston,  Mass.,  valves  and  sluioe  gates. 

Ross  Valve  Manufacturing  Company,  of  Troy,  N.  Y.,  high  pressure  fire 
hydrants,  water  regulating  devices. 

Pittsburg  Meter  Company,  of  East  Pittsburg,  Keystone  and  Eureka  meters. 

T.  D.  Bausher,  of  Reading,  Pa.,  lead  furnaces  and  fuel. 

Union  Meter  Company,  of  Worcester,  Mass.,  water  meters  and  brass 
goods. 

Geo.  H.  Snell,  of  Attleboro,  Mass.,  pipe  couplings. 

Geo.  H.  Staples,  of  Dedham,  Mass.,  service  pipe  cleaner. 

Self-Operating  Valve  Company,  of  Washington,  D.  C,  hydraulic  valve 
operator. 

Gamon  Meter  Company,  of  Newark,  N.  J.,  Watch  Dog  meters. 

Lead  Lined  Iron  Pipe  Company,  of  Wakefield,  Mass.,  lead  and  tin  lined 
Iron  pipe  and  fittings. 

Water  Works  Equipment  Company,  of  New  York,  water  works  appliances. 

R.  D.  Wood  &  Co.,  of  Philadelphia,  fire  hydrants  and  "  Reduced  Specials." 

Henry  R.  Worthington,  of  New  York,  water  meters. 

Hays  Manufacturing  Company,  of  Erie,  Pa.,  tapping  machines,  servdce 
boxes,  brass  goods,  and  water  works  appliances. 

Thomson  Meter  Company,  of  Brooklyn,  N.  Y.,  Lambert  meters. 

Francis  H.  Coffin,  of  Scranton,  Pa.,  wooden  pipe. 

H.  Mueller  Manufacturing  Company,  of  Decatur,  lU.,  meter  testing  ma- 
chine, tapping  machines,  flushing  hydrant,  brass  goods,  and  water  works 
appliances. 

National  Water  Main  Cleaning  Company,  of  New  York,  turbine  water 
main  cleaner. 

Builders  Iron  Foundry,  of  Providence,  R.  I.,  Venturi  meters,  gages  and 
meter  boxes. 

Hersey  Manufacturing  Company,  of  South  Boston,  Mass.,  water  meters, 

detector  meters. 

« 

Glauber  Brass  Manufacturing  Company,  of  Cleveland,  Ohio,  water  works 
brass  goods. 

National  Tube  Company,  of  Pittsburg,  Pa.,  "  Kewanee  "  unions,  valves, 
and  fittings. 

National  Meter  Company,  of  New  York,  Empire,  Crown,  Nash,  and  Ajax 
meters. 

A.  P.  Smith  Manufactuiing  Company,  of  East  Orange,  N.  J.,  tapping 
machines,  brass  goods,  sleeves,  fire  hydrants,  gate  valves,  and  water  works 
appliances. 

Norwood  Engineering  Company,  of  Florence,  Mass.,  mechanical  filters. 

Standard  Cast-iron  Pipe  and  Foundry  Company,  of  Bristol,  Pa.,  and 
Maiden,  Mass.,  cast-iron  bell  and  spigot  pipe,  cast-iron  flange  pipe,  bell  and 
spigot  and  flanged  fittings. 
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Central  Foundry  Company,  of  New  York,  universal  joints. 

Engineering  Record. 

Fire  and  Water  Engineering. 

Engineering  News. 

The  American  City. 

Respectfully  submitted, 

Wm.  F.  Woodburn, 
Chairman  Committee  on  Ezhibiia. 

The  President.    Is  there  any  other  business? 

Mr.  Samuel  A.  Agnbw.  I  think  we  ought  at  this  time  to 
express  our  appreciation  to  the  gentlemen  who  have  contributed 
so  largely  to  the  success  of  our  convention.  I  therefore  move  that 
a  vote  of  thanks  be  extended  to  the  several  gentlemen  who  have 
presented  papers  here  and  to  those  gentlemen  who  have  entered 
into  the  discussion  of  them;  also  to  the  Committee  on  Entertain- 
ment, Mr.  McFarland  and  Mr.  Stokes,  and  to  Mr.  Woodburn, 
who  has  had  charge  of  the  exhibits.    Adopted. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  Buzzards  Bay,  Wednesday,  June 
26,  1912. 

Present:  President  George  W.  Batchelder,  and  members 
Frank  A.  Mclnnes,  George  A.  King,  Lewis  M.  Bancroft,  and 
Willard  Kent. 

Twelve  applications  were  received  and  recommended  for  mem- 
bership, namely: 

For  members:  F.  C.  Beck,  treasurer  St.  Johnsbury  Aqueduct 
Company,  St.  Johnsbury,  Vt.;  G.  A.  Benjamin,  manager  Castine 
Water  Company,  Castine,  Me.;  J.  T.  B.  Bowles,  physiologist, 
Canal  Zone,  Cristobal,  C.  Z.;  J.  W.  M.  Bunker,  instructor  in 
sanitary  analysis,  Harvard  University,  Cambridge,  Mass.;  W.  M. 
Davis,  city  engineer.  Prince  Rupert,  B.  C;  E.  J.  Fossas,  student, 
524  West  124th  Street,  New  York,  N.  Y.;  G.  W.  Hubbard, 
superintendent  water  works  and  light  plant,  Elberton,  Ga.; 
J.  J.  Mack,  14  Barr  Street,  Salem,  Mass.;  J.  H.  Mendell,  super- 
intendent water  works,  Manchester,  N.  H.;  R.  H.  Steams, 
designing  engineer,  Board  of  Water  Commissioners,  Hartford, 
(^onn.;  F.  P.  Washburn,  member  New  Bedford  Water  Board, 
New  Bedford,  Mass.;  M.  C.  Whipple  instructor  in  sanitary 
chemistry,  Harvard  University,  Cambridge,  Mass. 

Voted,  that  the  headquarters  of  the  Association  for  the  annual 
convention  of  the  present  year,  in  Washington,  D.  C,  be  estab- 
lished at  the  Congress  Hall  Hotel. 

Voted,  that  William  F.  Woodbum,  of  Maiden,  Mass.,  be  the 
C^ommittee  on  Exhibits  for  the  September  Convention. 

Voted,  that  President  Batchelder,  W.  A.  McFarland,  and  D.  B. 
Stokes  be  the  Committee  of  Arrangements  for  the  Annual  Con- 
vention. 

Voted,  that  but  three  sessions  be  held  during  the  Convention, 
namely,  from  10.30  a.m.  to    1    o'clock  p.m.  on  Wednesday  and 
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Thursday,  and  one  on  Thursday  evening,  and  that  Friday  be 
devoted  to  an  excursion  to  Mount  Vernon  and  Arlington. 
Adjourned. 

WiLLARD  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  Congress  Hall  Hotel,  Washington, 
D.  C,  Wednesday,  September  18,  1912,  at  10  o'clock  a.m. 

Present,  President  George  W.  Batchelder,  John  H.  Cook, 
George  A.  Stacy,  Lewis  M.  Bancroft,  George  A.  King,  and  Willard 
Kent. 

Seven  applications  were  received  and  recommended  for  member- 
ship, namely: 

For  membership:  Daniel  F.  McCarthy,  chief  engineer,  Law- 
rence Park  Realty  Company,  Bronxville,  N.  Y.;  Charles  R. 
Harris,  Portland,  Me.;  Langdon  Pearse,  division  engineer. 
Sewage  Disposal  Investigations,  Sanitary  District  of  CUcago, 
Chicago,  HI.;  A.  S.  Malcomson,  general  manager  of  Hempstead 
and  Oyster  Bay  Water  Company,  of  Merrick  (Long  Island), 
Freeport,  L.  I.,  N.  Y.,  George  Neut,  chief  engineer.  Empress  de 
Aqua  Potable,  Santiago,  Chili. 

For  associate  membership:  Thomas  D.  Bausher,  water  works 
and  plumbers'  furnaces,  Reading,  Pa. ;  National  Tube  Company, 
manufacturers  pipe  fittings,  valves,  etc.,  Pittsburgh,  Pa. 

Adjourned. 

WiLLABD  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  Congress  Hall  Hotel,  Washington, 
D.  C,  September  19,  1912,  at  7.30  o'clock  p.m. 

Present,  President  George  W.  Batchelder,  John  H.  Cook, 
George  A.  Stacy,  Lewis  M.  Bancroft,  George  A.  King,  and  Willard 
Kent. 

Applications 'of  the  following  named  persons  were  approved  and 
recommended  to  the  Association  for  election  to  membership : 
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For  membership:  F.  Herbert  Snow,  chief  engineer,  State 
Department  of  Health  of  Pennsylvania,  Harrisburg,  Pa.;  Fred 
J.  Wise,  superintendent  water  works,  Pittsfield,  Mass. 

For  associate  membership:  Carroll  Beale,  manufacturer  of 
self-operating  valves  and  designer  of  water  works,  Washington, 
D.  C. 

Adjourned. 

WiLLARD  Kent,  Secretary. 
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OBITUARY.* 

Charles  Kimball  Walker  was  a  native  of  Manchester,  N.  H. 
He  was  bom  on  June  18,  1830.  His  home  at  68  South  Main 
Street,  West  Manchester,  had  been  his  residence  throughout  his 
entire  life  of  more  than  eighty-two  years. 

After  receiving  the  instruction  offered  by  the  district  schools  of 
those  days,  and  when  still  a  boy,  he  took  up  studies  in  the  direction 
of  civil  engineering.  At  the  age  of  twenty,  he  was  employed 
in  the  survey  for  the  Concord  &  Montreal  Railroad.  After  three 
years'  service,  he  assisted  in  the  survey  of  the  Wilton  Railroad. 

In  1852  he  married  Miss  Ann  Maria  Stevens,  of  Wentworth, 
and  immediately  thereafter  removed  to  New  York,  where  he 
followed  his  profession  on  the  New  York  &  Erie  Railroad. 
Later  he  was  engaged  on  the  Marietta  &  Cincinnati  Railroad. 
Upon  the  completion  of  these  enterprises,  Mr.  Walker  returned  to 
his  Manchester  home  and  very  soon  we  find  him  employed  on  the 
Suncook  Valley  Railroad  under  the  late  Ex-Governor  James  A. 
Weston,  who  was  his  lifelong  personal  friend.  He  was  also  of  the 
engineering  corps  of  the  East  Jaffrey  Railroad,  the  Lowell  and 
Farmington,  Hopkinton,  and  Montpelier  and  Wells  River. 

A  little  later  he  was  employed  in  the  surveys  for  the  Man- 
chester Water  Works,  and  after  its  completion  was  in  1875  elected 
superintendent,  and  he  continued  to  fill  this  position  without  a 
break  imtil  the  first  day  of  April  of  the  present  year,  when  he 
tendered  his  resignation.  He  had  been  in  failing  health  for  some 
time,  his  decline  being  gradual,  and  after  he  relinquished  his 
activities,  he  gradually  became  more  inactive,  until  at  last  he  was 
prostrated  by  a  shock  and  the  end  came  on  September  9.  Mr. 
Walker  is  survived  by  his  wife  and  two  daughters. 

Charles  K.  Walker  was  a  true  son  of  New  Hampshire.  He 
loved  her  rugged  and  picturesque  hills  and  he  seemed  to  imbibe 


♦  Memoir  prepared  by  R.  C.  P.  Coggei^hall. 
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something  of  their  rough  beauty  in  his  nature.  His  principles 
of  right  and  wrong  were  based  upon  as  solid  a  foundation  as  those 
of  the  everlasting  hills  amid  which  he  loved  to  roam.  He  stood 
squarely  for  those  things  which  were  honest,  just,  and  of  good 
report.  While  brusque  and  quaint  of  speech,  and  exceedingly 
frank  in  expressing  his  opinions,  yet  he  never  left  a  sting  in  the 
minds  of  those  whom  he  addressed.  On  the  contrary,  the  impres- 
sion was  generally  whimsical,  bright,  and  witty.  Many  pages 
could  be  written  of  the  quaint  sayings  of  our  friend  which  under 
the  guise  of  wit  contain  a  lot  of  "  horse  sense."  He  greatly  dis- 
liked the  jarring  notes  of  life  and  did  everything  he  could  to  prevent 
their  appearance. 

I  think  that  perhaps  his  best  work  in  this  Association  was  ia 
the  direction  of  smoothing  out  the  angles  of  strife  whenever 
they  appeared.  He  was  a  master  in  doing  that.  He  dearly 
loved  this  Association  and  he  was  active  in  its  affairs  from  its 
very  beginnings.  When  about  twenty  men,  all  strangers  to  each 
other,  gathered  at  Young's  Hotel,  Boston,  April  19,  1882,  to  con- 
sider the  formation  of  this  society,  Mr.  Walker  was  there  and  did 
much  to  relax  the  strain  incidental  to  the  meeting  of  a  body  of 
strangers.  We  all  left  that  meeting  feeling  that  we  had  found  a 
new  friend  in  him.  He  was  a  constant  attendant  of  the  meetings 
through  all  the  long  term  of  years  and  frequently  took  part  in  the 
discussions  and  debates,  and  his  message  was  always  acceptable. 
He  served  the  Association  fifteen  terms  as  one  of  its  vice-presidents 
and  in  1903  he  was  its  president. 

His  memory  remains  with  those  who  knew  him  best  as  that  of  a 
beautiful  yesterday  which  has  passed  by. 
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Carter,  Frank  H. 
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American  Trust  Building,  Chicago,  111. 

Smith,  Sidney 

76  White  Street,  East  Boston,  Mass. 

Snow,  F.  Herbert 

Chief  Engineer,  State  Department  of  Health,  Harrisburg,  Pa. 

Wilcox,  W.  F. 

Assistant  Chief  Civil  Enpneer,  Tennessee  Coal,  Iron  and  Railroad  Company,  1309 
.  Brown-Marz  Building,  Birmingham,  Ala. 

Wise,  Fred  J. 

Superintendent  Water  Works,  Pittsfield,  Mass. 
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Bausher,  Thomas  D. 

Inventor  and  Maker,  Church  and  Woodward  streets,  Reading,  Pa. 

Beale,  Carroll 

Manufacturers  of  Self-Operating  Valves  and  Designers  of  Water  Works,  Woodward 
Building,  Washington,  JD.  C. 

National  Tube  Company 

Manufacturers  Pipe  Fittings,  Valves,   Seamleaa  Tubing,  etc.,   1106  Frick  Building, 
Pittoburgh,  Pa. 
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GtII  Engineer,  34  Foater  Street,  Springfield,  Maia. 
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REASONABLE  REQUIREMENTS  IMPOSED  UPON  WATER 
WORKS  SYSTEMS  BY  THE  FIRE  PROTECTION 

PROBLEM. 

BY  CLABENCE  GOLDSMITH,  ASSISTANT  ENGINEER,  PUBLIC  WORKS 

DEPARTMENT,   BOSTON,   MASS. 

[Read  September  19, 191B.] 

In  any  wat^r-works  system  the  requirements  imposed  by  the 
fire  protection  problem  have  very  much  m  common  with  those 
involved  in  furnishing  an  adequate  and  reliable  domestic  supply. 

The  success  of  any  enterprise  is  dependent  upon  its  financial 
resources  and  the  organization'  of  its  working  force.  Under 
ordinary  conditions  a  per  capita  expense  of  from  thirty  dollars  to 
forty  dollars  is  necessary  to  develop  an  adequate  water-works 
system.  Climatic  and  topographic  conditions,  however,  are  the 
controlling  factors,  and  in  localities  where  expensive  water  rights 
have  to  be  acquired,  or  where  a  wide  range  in  elevation  exists,  the 
expense  may  increase  to  about  double  the  above-named  figures. 

One  of  the  fundamental  difficulties  encountered  in  properly 
developing  a  water-works  system  is  the  securing  of  necessary 
funds  to  develop  the  works  in  advance  of  the  increase  in  consump- 
tion. In  some  cases  this  difficulty  is  due  to  lack  of  confidence 
m  the  engmeering  abiUty  of  the  department,  and  in  others  to  po- 
litical reasons.  No  money  is  ever  saved  by  postponing  a  proper 
development,  for  in  nearly  every  case  the  delay  causes  a  large 
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loss  by  necessitating  a  temporary  construction  which  is  com- 
paratively useless  in  the  regular  development  of  the  works,  besides 
subjecting  the  inhabitants  to  extreme  inconvenience,  and  perhaps 
exposing  the  city  to  epidemic  and  conflagration. 

Instances  of  dilatory  tactics  in  financing  necessary  developments 
are,"  imfortunately,  too  numerous;  in  fact,  a  large  proportion  of 
our  cities  outgrow  their  supplies  or  equipment  before  the  necessary 
additions  are  made.  For  example,  the  city  of  Lawrence,  Mass., 
was  warned  early  in  1900  that  the  consumption  had  reached  the 
winter  capacity  of  the  filter  beds,  which  at  that  time  were  not 
covered.  Yet  no  money  was  placed  at  the  disposal  of  the  water 
board  until  1906,  when  a  new  covered  filter  was  contracted  for, 
but  not  in  time  for  construction  work  to  be  completed  before  the 
cold  weather  set  in.  The  supply  available  from  the  old  filter  was 
so  seriously  depleted  during  the  exceptionally  cold  weather  of 
December  of  that  year  and  the  following  month  that  early  in 
February  not  more  than  one  million  gallons  of  water  was  available 
in  the  reservoir.  At  this  time  relief  was  afforded  by  water  sup- 
plied from  the  mains  of  adjoining  towns.  If  a  large  fire  had 
occurred  during  the  period  of  low  water  in  the  reservoir,  it  would 
have  been  necessary  to  take  suction  from  the  river,  which  is  highly 
polluted  with  sewage,  in  which  case  an  epidemic  of  typhoid  fever 
would  have  been  inevitable. 

As  a  second  example,  the  city  of  Worcester,  Mass.,  may  be  cited, 
for  we  are  all  familiar  with  the  conditions  existing  in  that  city 
during  the  summer  of  1911,  as  described  in  the  paper  read  before 
this  Association  by  Mr.  Frank  C.  Kimball.* 

In  1902,  the  necessity  of  starting  the  development  of  the  Asne- 
bumskit  supply  was  apparent  to  those  who  were  acquainted 
with  the  needs  of  the  city,  and  though  Mr.  Batchelder,  our 
President,  worked  very  strenuously  each  year  during  the  inter- 
vening period  to  secure  the  necessary  funds  to  prosecute  this 
work,  no  considerable  money  was  provided  until  1911,  and  the 
result  is  well  known. 

The  city  of  Detroit  is  to-day  confronted  by  a  lack  of  capacity 
in  its  pumping  station  and  distributing  mains. 

I  want  to  call  your  attention  to  a  fact  interesting  to  you  all, 

•  JotiBNiLLN.  E.  W.  W.  A.,  Vol.  XXVI,  p.  113. 
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which,  without  doubt,  has  a  deeper  influence  on  the  results  ob- 
tained by  our  municipal  works  than  one  would  at  first  suppose,  and 
that  is  the  small  salaries  paid  to  water-works  superintendents  and 
engineers.  What  private  corporation  capitalized  at  from  two  to 
five  million  dollars  would  for  an  instant  try  to  secure  a  man  to 
direct  every  detail  of  the  business  for  the  paltry  salary  of  from 
$1  800  to  $3  000  a  year?  Yet  this  is  what  a  superintendent  is 
expected  to  do  in  a  water-works  system  of  the  class  above  men- 
tioned, for  a  wise  board  of  commissioners  will  always  be  guided 
by  the  opinion  of  its  superintendent  in  all  matters  pertaining 
to  the  operation  and  development  of  the  works.  It  is  to  be  hoped 
that  in  these  days,  when  efficiency  is  the  watchword,  and  the 
operation  of  all  city  departments  is  more  carefully  scrutinized 
thfl,n  formerly  by  the  citizens,  the  advisability  of  securing  and 
keeping  in  office  capable  men,  and  adequately  recompensing  them, 
will  be  recognized. 

Of  all  the  various  methods  of  organization  in  vogue  in  the 
different  municipalities  throughout  the  country,  no  single  one  can 
be  selected  as  a  panacea.  The  trend  of  the  times  is  to  centralize 
authority,  which  is  accomplished  by  the  commission  form  of 
government  and  modifications  of  it.  This  method,  unfortunately, 
does  not  assure  the  securing  of  properly  trained  men  for  the  posi- 
tions, and  although  the  recall  may  be  applied,  it  is  doubtful  if 
a  second  selection  would  be  an  improvement  on  the  first..  The 
great  trouble  is  that  so  many  water-works  positions  have  been 
and  are  now  being  filled  by  men  with  no  previous  experience  or 
training  along  such  lines,  and  who  attain  and  retain  their  posi- 
tions through  political  influence,  that  the  public  is  apt  to  be 
misled  into  the  belief  that  any  one  can  run  a  water-works  system. 
Such  an  assumption  is  untenable,  and  appears  absurd  upon  even 
a  casual  study  of  the  question. 

This  undesirable  state  of  affairs  is  being  met  by  the  adoption 
of  civil  service  rules  in  many  cities,  and  if  the  examinations  are 
properly  and  impartially  conducted,  good  results  are  bound  to  be 
obtained.  Many  works  are  operated  satisfactorily  under  the 
direction  of  a  board  of  water  commissioners,  and  this  method  has 
much  to  recommend  it.  When  composed  of  three  or  more  mem- 
bers, the  term  of  one  expiring  each  year,  such  a  board  assures  a 
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continuity  of  purpose,  and  a  new  member  who  has  been  most 
antagonistic  toward  certain  policies  of  the  board  may  become  an 
ardent  supporter  of  these  policies  after  he  has  had  an  opportunity 
to  study  the  situation  at  short  range.  Nevertheless,  the  ever- 
present  danger  of  incompetence  confronts  us  in  this  case  as  well 
as  in  the  former,  and  works  which  have  flourished  long  under 
boards  of  water  commissioners  may  become  suddenly  disorganized 
through  the  election  or  appointment  of  men  subservient  to  politi- 
cal influences  and  more  concerned  about  private  well-being  than 
public  welfare.  One  must  conclude  from  the  various  examples 
that  constantly  come  to  our  attention  that  the  responsibility 
reverts  to  the  mass  of  citizens  who  control  the  situation  by  their 
votes,  and  that  progress  toward  a  more  businesslike  control  of 
water-works  plants  must  be  brought  about  by  a  campaign  of 
education.  Civil  service  as  applied  to  employees  has  many  good 
points  in  its  favor.  It  secures  long  terms  of  service  for  employees 
and  relieves  in  a  great  measure  those  in  authority  from  the  im- 
portunities of  those  seeking  positions  for  themselves  or  for  others. 
The  desirability  of  not  changing  employees  is  equally  important 
from  the  standpoint  of  domestic  supply  and  fire  protection.  Much 
of  the  work  of  operation  is  accomplished  by  laborers  who  through 
years  of  experience  have  acquired  skill  and  knowledge  in  their 
work,  which  is  almost  indispensable  in  cases  of  emergency.  Yet 
there  are  some  cities  in  which  the  department  undergoes  a  com- 
plete change  of  personnel  at  intervals  of  two  years. 

In  order  to  enable  the  employees,  when  well  organized,  to  render 
prompt  and  adequate  service,  complete  records,  properly  filed, 
and  suitable  quarters  are  necessary.  A  detailed  discussion  of  the 
subject  of  records  is  impossible  in  a  paper  of  this  character,  but 
because  of  its  great  importance,  those  most  essential  are  here 
briefly  referred  to: 

A  skeleton  map  of  the  distribution  system  on  a  scale  of  about 
,1  in.  to  500  ft.,  showing  mains,  gates,  and  hydrants,  is  of  great 
use  for  reference  purposes,  and  of  particular  value  in  making 
studies  for  the  extension  or  reinforcement  of  the  distribution 
system. 

Detailed  locations  in  plat  form  on  a  scale  of  about  1  in.  to  40  ft., 
showing  mains,  gates,  and  hydrants,  are  indispensable,  and  it  is 
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convenient  in  many  cases  to  show  service  connections  on  these 
sheets  as  well. 

Records  of  service  connections,  gates,  hydrants,  and  meter 
locations  should  be  arranged  in  card  index  form. 

The  location  of  gates  on  the  distribution  system  and  those  on 
services  larger  than  two  inches  in  diameter  should  be  arranged  in 
convenient  form  for  ready  reference,  and  copies  of  these  records 
should  be  supplied  to  all  employees  authorized  to  operate  gates. 

Records  of  pumpage  or  delivery  of  flow  lines,  as  made  by  one  of 
the  several  accurate  continuous-recording  devices  now  on  the 
market,  should  be  kept,  and  the  pumping  station  records  should 
show  the  complete  performance  of  the  equipment. 

Records  of  pressure  maintained  at  several  points  of  the  system 
should  be  secured  by  the  installation  of^  recording  pressure 
gages. 

The  above-mentioned  records,  together  with  such  necessary 
and  desirable  amplifications  as  may  be  called  for,  should  be  kept 
up  to  date.  The  more  important  plans  and  records  should  be  in 
duplicate,  and  one  set  should  be  stored  in  a  substantiar  fireproof 
vault.  The  question  of  guarding  records  against  destruction  by 
fire  cannot  be  too  strongly  emphasized,  and  it  is  to  be  regretted 
that  it  is  a  subject  which  is  often  completely  or  partially  neglected. 
The  ordinary  fireproof  vault  is  of  questionable  efficiency  in  a 
conflagration,  and  in  many  cities  it  is  the  custom  to  provide  safe 
storage  at  the  supply  works,  but  removed  from  the  danger  of 
sweeping  fires. 

The  engineering  office,  which  generally  occupies  a  building  in 
common  with  the  executive  and  clerical  forces,  should  have  ample 
area  for  carrying  on  the  maximum  amount  of  work  which  is  liable 
to  devolve  upon  this  branch  of  the  service  during  periods  of  active 
construction.  The  room  or  rooms  should  be  properly  ventilated 
and  supplied  with  both  natural  and  artificial  light.  Partitions 
should  be  so  constructed  that  the  occupants  shall  not  be  subject 
to  the  intrusion  of  the  public,  or  other  distraction.  Well-arranged 
filing  cases  and  vaults  should  be  readily  available  for  the  storing 
of  all  plans  ajid  records.  A  library  should  be  provided  which 
should  contain  the  latest  editions  of  the  most  desirable  handbooks 
and  scientific  works  bearing  on  the  various  subjects  which  have 
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to  be  dealt  with  in  the  design,  construction,  and  operation  of  a 
water-works  system,  and  in  addition  a  file  of  the  best  engineering 
magazines  should  be  available,  so  that  the  working  ^orce  may  keep 
in  touch  with  work  of  a  nature  similar  to  their  own  carried  on  in 
other  cities. 

The  storage  yard,  usually  containing  a  repair  shop  and  stable, 
should  be  of  ample  area,  and  so  located  that  shipments  of  material 
may  be  conveniently  and  economically  handled  both  from  the  cars 
and  in  the  area  covered  by  the  distribution  sjrstem.  The  yard 
should  be  so  laid  out  with  paved  drives  that  all  the  stock  shall  be 
readily  accessible,  and  chain  falls,  with  either  derricks  or  cranes, 
should  be  provided  for  handling  the  heavier  pieces.  Fittings, 
valves,  and  hydrants  may  well  be  kept  in  covered  sheds.  If  the 
yard  is  located  in  a  closely  built-up  district,  it  is  particularly 
desirable  that  the  buildings  be  of  fireproof  construction;  other- 
wise, they  should  be  equipped  with  sprinklers,  standpipes,  and  hose. 
The  shop  should  contain  tools  of  the  kinds  and  sizes  required  to  do 
all  but  the  heavier  repair  work,  and  particular  attention  should  be 
paid  to  the  lay-out  of  the  meter  repairing  and  testing  rooms.  The 
oflSces  of  the  several  branches  of  the  work  should  be  connected 
by  telephone,  and  constant  watch  should  be  maintained  at  the 
repair  shop  in  all  cities  having  a  population  of  over  fifty  thousand. 
The  requirements  mentioned  thus  far  are  necessary  for  the  con- 
struction and  maintenance  of  a  water-works  plant  furnishing  a 
reliable  domestic  supply. 

Fire  alarms  should  be  received  over  the  gong  or  tapper  circuit 
of  the  fire-alarm  system  in  one  or  more  offices  of  the  department, 
and  at  least  one  employee  familiar  with  the  distribution  system 
and  prepared  to  operate  gates  should  respond  to  all  first  alarms  in 
mercantile  and  manufacturing  districts,  and  second  alarms  else- 
where. Provision  in  duplicate  should  be  made  for  notifying  the 
pumping  station  of  alarms. 

The  experience  of  many  departments,  as  well  as  of  public  service 
corporations  engaged  in  similar  work,  is  that  the  motor-driven 
vehicle  has  become  a  necessary  adjunct  to  the  equipment  of  every 
water-works  system.  It  enables  a  prompt  response  in  case  of 
accident,  and  increases  the  efficiency  not  only  of  the  executive 
force,  but  also  of  the  laborers  in  many  branches  of  the  work. 
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There  is  haxdly  a  plant  of  any  magnitude  on  which  one  or  more 
automobiles  cannot  be  profitably  operated.    » 

The  source  of  supply  must  be  carefully  studied  before  its  ade- 
quacy from  the  fire  protection  standpoint  can  be  determined  with 
certainty.  The  total  quantity  of  water  used  for  the  extinguish- 
ment of  fires  is  proportionately  very  small,  being  approximately 
one  tenth  of  a  gallon  per  capita  per  day,  or  in  ro\md  numbers 
about  one  thousandth  of  the  total  consumption,  but  for  short 
periods  of  time  the  rate  is  very  high.  From  a  perusal  of  the  con- 
sumption records  of  any  well-operated  works,  the  maximum 
hourly,  daily,  and  monthly  rates  can  be  readily  determined,  and 
from  a  study  of  the  structural  conditions  in  the  city  —  areas, 
heights,  protected  openings,  exposures,  occupancies,  construction 
of  buildings,  etc.  —  the  probable  maximum  quantity  which  would 
be  required  to  combat  a  fire  of  large  proportions  can  be  estimated 
within  reasonable  limits.  The  number  of  fire  streams  required 
simultaneously  in  cities  of  average  character  has  been  discussed 
by  our  leading  hydraulic  engineers,  with  practical  unanimity 
of  opinion.  Their  estimates  are  based  on  actual  practice,  and  • 
the  values  given  by  Mr.  Kuichling  are  expressed  by  the  formula 

Y  =  2.8  Vx,  where  Y  equals  the  number  of  250  gal.  streams 
and  X  equals  the  population  in  thousands.  This  formula  does  not 
make  any  allowance  for  broken  services,  and  should  be  applied 
only  after  a  study  of  the  local  conditions  has  been  made,  for  in 
many  cities  the  size  of  the  mercantile  or  manufacturing  districts 
is  not  in  proportion  tp  the  population.  A  very  full  discussion 
of  this  subject  was  presented  to  the  American  Water- Works 
Association  last  year  by  Messrs.  Metcalf ,  Kuichling,  and  Hawley.* 
Although  the  chance  of  a  large  fire  occurring  during  the  hours  of 
maximum  consumption  is  somewhat  improbable,  nevertheless  it  is 
wise  to  err  on  the  safe  side,  and  to  use  the  maximum  hourly  con- 
sumption figure  in  the  calculations,  although  in  most  cases  the 
maximum  daily  rate  may  be  used  with  comparative  safety.  This 
step  is  not  so  imreasonable  as  at  first  appears,  for  any  city 
should  have  its  supply  developed  somewhat  in  advance  of  present 
requirements,  in  order  to  care  for  future  growth.  In  cities  not 
exceeding  one  hundred  thousand  in  population,  where  the.  lawn- 

•Proo.  Am.  W.  W.  Asboc.,  1911,  p.  55. 
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sprinkling  is  restricted  to  certain  periods  of  the  day,  it  is  feasible 
to  enforce  an  ordinance  prohibiting  irrigation  during  the  progress 
of  a  fire,  thus  materially  reducing  the  maximuin  rate  for  which 
the  city  would  otherwise  have  to  provide.  In  some  cities,  de- 
pendent upon  fire  engines,  the  pressure  is  so  reduced  by  large 
fire  drafts  that  the  domestic  consumption  rate  will  drop  ap- 
preciably. Such  distribution  systems  cannot,  however,  be  con- 
sidered adequate  for  the  service  required  of  them. 

There  are  many  cities  located  on  large  lakes  and  rivers  where  a 
practically  unlimited  supply  is  available,  and  one  does  not  have  to 
give  the  question  a  thought,  but  in  others  it  is  a  most  important 
question  with  the  engineer.  In  these  latter  the  problem  is  varied, 
but  resolves  itself  into  some  method  of  storage  so  that  the 
maximum  rates  can  be  delivered  to  the  distribution  system.  If  the 
supply  is  derived  from  driven  wells,  they  should  be  so  developed  as 
to  furnish  the  maximmn  daily  rate,  and  the  maximmn  hourly  and 
fire-flow  rates  may  economically  be  cared  for  by  storage  in  a  covered 
reservoir  available  for  delivering  into  the  distribution  system. 
If  the  supply  is  derived  from  storage  from  a  large  catchment  area, 
the  capacity  of  this  storage  should  be  ample  to  meet  the  demands 
made  upon  it  through  a  series  of  dry  years.  In  dealing  with  such 
a  supply,  the  average  daUy  consumption,  and  not  the  varying 
hourly  rates,  must  be  considered  in  determmmg  the  mmimum  capa- 
city of  the  storage  reservoirs. 

The  source  of  supply  having  been  determined,  the  method  of 
delivery  to  the  distribution  system  confronts  us.  In  many  cases 
where  the  supply  is  derived  from  rivers  and  lakes,  and  generally 
when  delivered  from  storage  reservoirs,  these  sources  are  at  an 
elevation  Sufficient  to  deliver  the  supply  by  gravity.  In  a  few 
cases  the  topography  of  the  country  is  such  that  the  sources  of 
supply  are  in  close  proximity  to  the  distribution*  system,  but  in 
by  far  the  greater  number  they  are  at  some  distance.  In  the 
latter  cases,  distributing  reservoirs  within  or  near  the  area  served 
by  the  distribution  system  become  an  economical  necessity,  for 
their  existence  permits  the  use  of  much  smaller  conduit  lines. 
These  lines  should  have  a  capacity  at  least  equal  to  the  maximum 
daily  consumption,  and  one  such  line  cannot  be  depended  upon 
unless  the  storage  m  the  distributing  reservoir  is  ample  to  furnish 
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the  supply  during  the  longest  period  that  will  be  required  to  make 
repairs.  The  conduits  delivering  the  Catskill  supply  to  the  city 
of  New  York,  the  Owens  Biver  supply  to  Los  Angeles,  and  the 
Wachusett  supply  to  the  Metropolitan  District  of  Boston,  are  not 
in  duplicate,  but  the  permanency  of  their  construction  and  the 
storage  provided  along  their  routes  and  at  their  termini  assures 
the  continuity  of  the  supply.  On  systems  where  there  is  more 
than  one  supply  line,  these  lines  should  not  follow  the  same  route, 
as  the  failure  of  one  may  cause  the  failure  of  another,  or  both  may 
be  put  out  of-  service  at  the  same  time  from  the  same  cause,  as  was 
recently  the  case  in  Seattle,  Wash.  Where  pumps  are  required 
to  deliver  the  supply  to  the  distribution  system,  the  pumping 
station  should  be  of  fireproof  construction.  No  valid  excuse 
can  be  offered  for  not  constructing  stations  absolutely  fireproof. 
The  installation  of  sprinkler  equipment,  standpipes  equipped  with 
hose,  and  chemical  extinguishers,  in  the  many  existing  stations 
which  are  not  fireproof,  should  be  strongly  advocated.  In  all 
cases,  oil  should  be  stored  outside  the  building,  and  all  internal 
hazards  should  be  reduced  to  a  minimum.  When  stations  are 
exposed  to  external  hazards,  outside  sprinklers,  water  curtains, 
and  wire-glass  windows  should  be  provided.  On  buildings  having 
incombustible  roof  coverings  and  cornices  these  give  reasonable 
protection. 

The  selection  of  the  equipment  of  the  station  requires  careful 
study  in  order  that  units  of  proper  capacity  and  number  to  insure 
economic  and  continuous  service  may  be  provided.  Plants  which 
are  supplied  by  pumpage  may  be  broadly  divided  into  three 
classes,  namely,  those  which  distribute  from  a  storage  reservoir, 
from  an  equalizing  reservoir,  and  direct  from  a  station.  Under 
the  latter  class  those  which  are  supplied  with  an  equalizing  stand- 
pipe  should  be  included,  for  in  only  small  towns  can  a  standpipe 
furnish  any  reasonable  prox)ortion  of  the  draft,  and  in  the  larger 
cities  it  is  a  useless  adjunct,  as  the  pressure  can  be  as  imiformly 
maintained  by  means  of  pressure  governors. 

The  stations  which  deliver  direct  to  the  system  will  first  be  con- 
sidered. Their  piunping  capacity  should  be  sufficient  to  deliver 
the  maximum  domestic  and  fire  draft  combined,  with  any  two 
units  in  reserve;  and  the  boiler  capacity  should  be  sufficient  to 
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enable  the  pumping  of  this  maximum  draft  by  the  most  uneconomi- 
cal units  in  the  station,  with  one  boiler  out  of  service  for  repairs  or 
cleaning.  This  requirement  of  two  reserve  pumps  over  and  above 
the  maximum  capacity  has  frequently  been  questioned,  one  of  the 
foremost  objections  offered  being  the  large  amount  invested  for 
machinery  which  may  never  be  called  into  use.  The  answer  to 
this  objection  will  be  given  along  the  line  of  cost.  If  the  city  were 
located  in  close  proximity  to  a  hill  of  sufficient  elevation  to  furnish 
the  desired  pressure,  the  advisability  of  building  a  reservoir  of 
sufficient  capacity  to  assure  the  supply  would  not  be  questioned. 
Such  a  reservoir  would  cost,  in  roimd  numbers,  about  $5  000  per 
million  gallons,  which  corresponds  closely  with  the  cost  of  high- 
duty  pumping  machinery  of  equal  capacity;  and  low-duty  or 
centrifugsd  pumps  can  be  purchased  at  a  much  lower  figuie. 
Viewed  from  the  cost  "standpoint,  therefore,  no  argument  can  be 
adduced  against  installing  pumps  to  perform  the  same  function 
as  the  reservoir. 

Where  an  equalizing  reservoir  is  in  service,  the  pumping  capacity 
need  not  be  as  great  as  in  the  preceding  case,  but  there  should  be 
one  unit  in  reserve  over  and  above  the  maximum  possible  draft 
for  ten  hours,  minus  the  reservoir  capacity.  When  a  station 
delivers  to  a  storage  reservoir,  the  pumping  capacity  should  be 
equal  to  the  average  daily  draft  during  the  maximum  month. 
Such  capacities  may  perhaps  appear  high  to  many  who  have  suc- 
cessfully maintained  an  ample  supply  from  stations  which  are  not 
equipped  with  the  above-mentioned  reserve  units,  but  no  station 
can  be  considered  reliable  unless  it  can  maintain  the  supply  at  all 
times,  and  it  is  not  infrequent  in  a  station  containing  four  or  five 
imits  for  two  to  be  out  of  service  at  the  same  time,  and,  although 
one  of  the  units  may  be  undergoing  only  trivial  repairs,  such  as 
replacing  valves  or  packing  glands,  it  would  nevertheless  be 
impossible  to  get  it  back  in  service  on  short  notice. 

The  capacity  for  coal  storage  should  be  sufficient  to  hold  fuel 
enough  to  run  the  plant  through  any  period  in  which  the  delivery 
may  be  interrupted  by  strikes  or  unfavorable  weather  conditions, 
and  coal  to  meet  such  emergencies  should,  of  course,  be  kept 
always  on  hand. 

If  the  wAter  is  delivered  direct  from  the  pumping  station  to  the 
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distribution  system  or  to  an  equalizing  reservoir,  there  should  be 
two  or  more  discharge  mains,  and  their  capacity  should  be  such 
that  with  any  one  main  out  of  service,  the  other  or  others  could 
deliver  somewhat  in  excess  of  the  maximum  domestic  consump- 
tion; and,  of  course,  it  would  be  much  more  desirable  if,  under 
such  circumstances,  the  maximum  domestic  and  fire  draft  com- 
bined cotdd  be  provided  for.  When  delivering  into  a  storage 
reservoir,  one  main  having  a  capacity  equal  to  the  maximum 
daily  rate  is  ample,  for  repairs  can  be  made  before  the  water  in 
the  storage  reservoir  will  be  exhausted. 

To-day  filtration  plants  are  in  operation  in  many  cities,  and  the 
capacity  of  these  plants  need  not  be  as  great  as  the  maximum 
hourly  rate  of  consumption  if  enough  filtered  water  is  held  in 
storage  at  some  point  on  the  works  to  provide  for  the  drafts. 
On  many  plants  this  supply  is  provided  by  large  covered  clear- 
water  basins  which  supply  the  high-lift  pimips.  .  In  some  plants 
a  bypass  is  installed  so  that  unfiltered  water  can  be  delivered* 
direct  into  the  distribution  system  in  case  the  fire  draft  exceeds 
the  capacity  of  the  filters  and  exhausts  the  supply  in  the  clear- 
water  basins.  Where  the  original  source  is  contaminated,  how- 
ever, this  expedient  should  not  be  resorted  to,  but  provision  should 
rather  be  made  for  additional  clear-water  storage,  as  an  epidemic 
is  even  more  undesirable  than  a  conflagration. 

The  supply  mains  connecting  the  storage  or  equalizing  reservoir 
with  the  distribution  system  should .  be  bypassed  around  the 
reservoir,  and  of  such  capacity  that  the  maximum  rate  can  be 
delivered  with  any  one  main  out  of  service.  In  some  cases,  the 
installation  of  cross-connections  and  suitably  located  gates  in  the 
supply  mains  enables  their  size  to  be  somewhat  reduced.  Blow- 
offs  should  be  established  at  all  low  points,  for  it  often  requires 
more  time  to  empty  k  main  and  dispose  of  the  water  than  it  does 
to  accomplish  the  actual  repair  work. 

In  the  construction  of  force  and  supply  mains,  the  question  of 
material  is  often  difficult  to  settle.  Cast  iron,  wrought  iron,  steel 
and  wood  are  each  used  with  good  results.  Up  to  thirty  inches 
in  diameter,  cast  iron  generally  proves  the  more  economical,  but 
in  larger  sizes  steel  lines  prove  cheaper  even  if  they  have  to  be 
replaced  within  twenty-five  or  thirty  years.    Besides,  it  is  im- 
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practicable  to  use  cast  iron  in  mains  of  more  than  sixty  inches  in 
diameter.  The  carrying  capacity  of  Unes  constructed  of  either 
material  gradually  decreases,  but  the  cast-iron  lines  can  be  cleaned 
and  their  capacity  restored  at  a  nominal  cost.  On  the  other  hand, 
cast  iron  is  subject  to  rupture,  which  will  put  the  line  completely 
out  of  service,  while  in  the  case  of  steel  any  general  weakening  of 
the  structure  is  portended  by  small  leaks.  Continuous  wood  stave 
pipe  has  proved  very  reliable;  it  is  almost  always  cheaper,  can  be 
readily  repaired,  and  maintains  its  carrying  capacity  throughout 
its  life. 

All  force  and  supply  mains  should  be  equipped  with  air  valves 
at  their  high  points,  and  they  should  be  frequently  inspected, 
for  a  defective  air  valve  will  cause  a  steel  or  wood  line  to  collapse 
in  case  of  a  break  at  one  of  the  low  points. 

There  is  no  better  item  to  observe  than  the  per  capita  consump- 
tion records  if  one  cares  to  make  a  snap  judgment  in  regard  to  the 
efficiency  of  the  operation  of  a  water-works  system,  for  almost 
invariably  the  high  consumption  rate  is  a  sign  of  inefficiency,  and, 
conversely,  the  low  consumption  rate  is  indicative  of  efficiency. 
The  per  capita  rate  which  is  necessary  to  meet  modem  conditions 
in  our  cities  ranges  from  about  50  to  150  gallons  per  day,  but 
these  rates  are  exceeded  in  most  of  them.  This  unnecessary 
consumption  has  a  very  important  bearing  upon  the  question  of 
cost,  for  it  has  to  be  met.by  the  development  of  larger  supplies,  the 
construction  of  additional  filtration  works  (if  there  are  any), 
and  the  installation  of  additional  pumping  equipment  and  of 
force,  supply,  and  distributing  mains  of  increased  carrying  capa- 
city, if  the  domestic  and  fire-flow  requirements  are  to  be  fully  met. 
Unfortimately,  in  such  instances  the  fire-flow  is  generally  only 
partially  provided  for  during  periods  of  maximum  domestic  con- 
siunption. 

The  installation  of  meters  is  the  surest  and  practically  the  only 
way  to  effect  a  permanent  reduction  of  the  per  capita  rate.  Many 
and  fallacious  as  are  the  arguments  advanced  by  the  opponents 
of  the  general  installation  of  meters,  the  results  where  they  have 
been  installed  are  incontrovertible.  Water-works  engineers  are 
not  as  yet  agreed  that  the  metering  of  all  services  is  an  economic 
necessity,  but  the  results  attained  in  cities  that  have  metered 
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practically  every  service  show  that  as  much  benefit  may  be 
derived  from  metering  the  last  ten  per  cent,  of  services  as  was 
obtained  from  any  prior  installation  of  an  equal  number  of  the 
same  size.  The  water  used  in  public  buildings  and  for  other 
municipal  purposes  is  generally  far  in  excess  of  that  actually 
needed.  In  cities  which  have  paid  particular  attention  to  this 
class  of  consmnption,  the  conclusion  reached  is  that  all  water  used 
by  the  several  city  departments,  except  for  the  extinguishment  of 
fires,  should  be  metered  and  paid  for  by  the  users.  Such  a  course 
not  only  effects  an  important  reduction  in  consumption,  but 
gives  the  water  department  credit  for  the  service  rendered. 

One  of  the  points  upon  which  insurance  and  water  engineers 
differ  is  in  regard  to  the  metering  of  fire  services.  The  water- 
works engineer,  who  generally  takes  the  affirmative  side  of  the 
question,  is  in  much  closer  touch  with  the  situation,  and  when 
such  results  as  the  following  are  obtained,  there  seems  to  be  no 
doubt  in  regard  to  the  justification  of  his  stand. 

Worcester,  Mass.,  metered  all  fire  services  in  1905,  and  the 
following  year  the  revenue  increased  $15  000,  and  the  consump- 
tion decreased  over  300  000  000  gal. 

Lockwood,  N.  Y.,  metered  all  fire  services,  and  the  following 
year  the  revenue  increased  25  per  cent,  and  the  pumpage  decreased 
20  per  cent. 

The  pressures  which  are  maintained  on  works  which  are  sup- 
plied by  gravity  from  distributing  or  equalizing  reservoirs  are 
governed  by  the  elevation  of  the  reservoirs.  In  many  cases 
suitable  sites  are  not  available  at  desired  elevations,  but  when  they 
are,  it  is  highly  desirable  to  so  locate  the  reservoir  that  a  pressure 
of  100  lb.  will  be  maintained  over  the  greater  portion  of  the  dis- 
tribution system,  and  particularly  in  the  closely  built-up  sections. 
In  a  recent  paper,*  Mr.  E.  V.  French  dwelt  upon  the  advisability 
of  such  a  pressure,  and  showed  that  it  was  sufficient  to  furnish 
direct  hydrant  hose  streams  to  all  fires  except  those  in  the  larger 
and  higher  buildings,  for  which  more  powerful  streams  would 
have  to  be  furnished  by  fire  engines.  As  the  number  of  fire 
engines  can  be  greatly  reduced  if  many  streams  can  be  taken  direct 
from  the  hydrants,  a  very  considerable  saving  can  be  thus  effected, 

♦  JouKNAL  N.  E.  W.  W.  A.,  Vol.  XXV,  p.  247. 
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for  it  costs  between  three  and  four  thousand  dollars  a  year  more 
to  maintain  an  engine  company  (horse-drawn)  than  to  maintain  a 
hose  company.  In  planning  for  extensive  improvements  in  any 
city,  therefore,  it  is  desirable  to  provide,  if  possible,  for  the  raising 
of  the  pressure  to  about  100  lb.,  for  in  addition  to  cutting  down 
the  expense  of  the  fire  department,  other  economies  can  in  this 
way  be  also  effected.  Take,  for  example,  the  large  cities  of  New 
York,  Chicago,  Philadelphia,  and  Buffalo:  in  these  it  is  necessary 
to  pump  all  the  water  used  in  buildings  of  moderate  height  and  in 
small  plants,  and  this  could  be  done  more  economically  in  one 
central  station.  Of  course  it  would  still  be  necessary  to  pmnp 
the  supply  to  buildings  over  200  ft.  in  height,  but  these  are  com- 
paratively few. 

Next  in  importance  to  the  saving  which  could  be  accomplished 
is  the  increased  reliability  of  sprinkler  equipments  when  supplied 
from  a  central  station.  The  number  of  such  equipments  in  serv- 
ice is  increasing  rapidly,  and  they  constitute  practically  the  only 
safeguard  to  buildings  of  non-fireproof  construction  and  fireproof 
buildings  containing  combustible  material.  In  many  systems 
supplied  by  direct  pumpage  provision  is  made  to  raise  the  pressure 
upon  receipt  of  fire  alarms  and  maintain  this  pressure  until  the  *^  all- 
out  "  is  sounded.  This  practice  is  good,  and  may  well  be  adopted 
in  all  such  systems.  The  permanent  raising  of  pressure  on  a 
system  does  not  necessarily  increase  the  consumption,  for  thorough 
inspection  and  the  prompt  following  up  of  defects  will  enable  an 
unincreased  consumption  rate  to  be  maintained.  This  has  been 
proven  in  several  cities  during  the  past  few  years,  and  though 
heavier  materials,  requiring  more  careful  workmanship,  are  used 
in  the  original  installation,  the  subsequent  cost  of  maintenence  of  a 
distribution  system  under  100  lb.  pressure  is  no  greater  than  under 
50  lb.  pressure. 

Few  engineers  have  the  opportunity  to  design  a  new  distribution 
system  for  a  city  of  any  considerable  size.  New  Orleans  is  the 
only  large  city  which  has  installed  a  new  piping  system  in  the  last 
score  of  years.  The  problem  of  to-day  is  the  reinforcement  and 
rehabilitation  of  outgrown  distribution  systems,  or  of  systems 
which  have  deteriorated  in  carrying  capacity  or  were  faulty  in 
their  original  design.     To  accomplish  this  task,  a  careful  study 
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of  the  existing  system  should  be  made,  present  requirements 
determined,  and  proper  allowance  made  for  future  growth.  This 
done,  a  plan  for  all  future  work  shotdd  be  adopted  and  followed. 
This  plan  should  include  mam  arteries  of  ample  carrying  capacity 
girdling  the  city  as  its  growth  demands,  secondary  feeders  of 
suitable  size  about  3  000  ft.  apart  in  either  direction,  and  dead- 
end lineis  extended  to  outljdng  sections  without  reduction  in 
size,  —  the  system  to  be  so  designed  as  to  furnish  fire  protection  as 
follows: 

(a)  In  oGtlying  residential  districts  not  likely  to  become  closely 
built  up,  a  minimum  of  1  500  gal.  per  minute. 

(b)  In  closely  built-up  residential  and  minor  mercantile  sections, 
2  000  to  6  000  gal.  per  minute. 

(c)  In  manufacturing,  warehouse,  and  congested  value  dis- 
tricts, from  5  000  to  20  000  gal.  per  minute,  depending  on  the 
structural  conditions. 

The  above  supply  should  be  in  excess  of  the  maximum  daily 
domestic  consumption,  and  should  be  available  in  manufacturing 
districts  to  any  large  group  of  buildings  of  special  hazard,  and  in 
mercantile  and  residential  districts  about  any  block.  In  order 
that  these  quantities  shall  be  available,  the  following  minimum 
sizes  of  mains  should  be  used  for  hydrant  supply: 

For  residential  districts,  6-in.  and  8-in.  mains,  the  former  to  be 
used  only  where  they  complete  a  good  gridiron,  and  the  latter  in 
locations  where  dead-ends  and  a  poor  gridiron  are  likely  to  exist 
for  some  time,  and  in  all  blocks  600  ft.  or  more  in  length. 

For  mercantile  and  manufacturing  districts,  8-in.  and  12-in. 
mains,  the  former  to  be  used  only  in  sections  where  they  complete 
a  good  gridiron,  and  the  latter  for  long  lines  not  cross- 
connected. 

Four-inch  mains  cannot  furnish  sufficient  hydrant  supply,  and 
should  be  replaced  as  fast  as  circumstances  will  permit,  the  replace- 
ment to  conunence  in  the  more  thickly  built-up  sections.  In  order 
that  not  more  than  one  hydrant  will  be  on  a  6-in.  nor  more  than 
two  hydrants  on  an  8-in.  main  between  intersecting  lines,  dead- 
ends should  be  eliminated  wherever  practicable,  large  mains 
cross-connected  to  distributors  at  all  intersections,  and  long  un- 
supported lines  of  pipe  cross-connected. 
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The  city  of  Reading,  Pa.,  affords  a  good  example  of  the  results 
which  may  be  accomplished  by  the  adoption  of  a  well-designed 
plan  to  be  followed  out  in  future  construction.  Some  seventeen 
years  ago  such  a  plan,  prepared  by  the  superintendent,  Mr.  E.  L. 
Nuebling,  was  approved  by  the  city,  and  has  been  followed  since 
that  time.  At  present  there  are  ample  quantities  of  water  avail- 
able for  both  domestic  and  fire  protection  pmposes  throughout 
the  entire  system,  and  future  additions  to  meet  increased  growth 
in  population  can  be  readily  and  economically  made. 

Unfortimately,  the  topography  of  some  cities  precludes  the 
making  of  plans  for  future  growth,  for  it  is  impossible  to  foresee 
in  what  direction  that  growth  will  extend.  For  a  number  of  years 
the  probable  growth  of  Los  Angeles  appeared  to  be  in  an  easterly 
direction,  and  it  is  only  in  the  past  two  or  three  years  that  a 
definite  trend  showed  it  to  be  in  a  westerly  and  southerly  direction. 

Tar-coated  cast-iron  pipe  is  imquestionably  the  best  material 
to  install  in  a  distribution  system.  In  some  parts  of  the  coimtry 
kalameined  pipe  is  extensively  used,  because  of  the  saving  in 
freight  rates  which  can  be  effected  on  account  of  its  lighter  weight, 
and  this  pipe  gives  very  good  results.  Machine-banded  wooden 
pipe  does  not  give  satisfaction  in  a  distribution  system  on  account 
of  the  excessive  leakage  which  generally  occurs.  Cast-iron  pipe 
should  be  inspected  at  the  foundry  and  again  before  it  is  lowered 
into  the  ditch.  Special  care  should  be  taken  to  prevent  any  foreign 
matter  from  getting  into  the  line  during  laying,  and  the  line  should 
be  thoroughly  blown  out  before  it  is  put  into  service.  If  prac- 
ticable, a  test  pressure  of  one  and  a  half  times  the  working  pressure 
should  be  applied  to  the  line  before  backfilling. 

Pipe  less  than  6  in.  in  diameter  should  never  be  installed  to 
furnish  hydrant  supply.  In  cities  where  the  distribution  system 
is  weak,  it  is  desirable  not  to  install  any  pipe  less  than  8  in.  in 
diameter,  for  the  new  lines  of  these  larger  sizes  will  reinforce  the 
old  lines.  The  weight  of  pipe  purchased  should  be  sufficient  to 
enable  at  least  300  ft.  head  to  be  maintained  at  the  point  of  lowest 
elevation  in  the  city.  If  the  heavier  classes  of  pipe  are  installed, 
it  enables  the  pressure  on  the  system  to  be  raised  to  the  desired 
point  without  the  additional  expense  which  would  otherwise  be 
required  for  relaying.    The  coefficient  of  carrying  capacity  of  the 
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older  lines  should  be  determined  by  experiment,  and  in  many 
casesi  where  the  supply  is  deficient,  the  results  obtained  will  show 
that  it  is  more  desirable  to  clean  the  line  than  to  lay  a  new  line. 
Sufficient  cover  should  be  provided  to  insure  the  pipe  from  freezing, 
even  in  the  coldest  winter.  Exposed  pipes  at  bridge  crossings 
should  be  weU  supported  and  protected  from  injury,  and  extreme 
care  should  be  paid  to  the  design  of  the  line  near  the  approaches. 

Electrolysis  is  a  subject  which  must  not  be  neglected,  for  it  is 
most  insidious  in  its  action.  Frequait  surveys  should  be  made, 
and  remedial  measures  approved  by  the  best  water-works  practice, 
rather  than  those  generally  advocated  by  street  railroad  engineers, 
should  be  adopted.  Grounds  from  electric  circtiits  should  be  made 
on  the  street  side  of  the  meters,  main  cocks,  etc.,  in  accordance 
with  the  National  Electrical  Code,  and  no  power  circuit  which 
depends  upon  a  grounded  return  should  be  connected  to  the  system 
in  any  manner. 

In  order  to  operate  a  distribution  S3rstem  with  the  desired 
facility,  the  mains  should  be  equipped  with  gate  valves  so  located 
that  no  single  case  of  accident,  breakage,  or  repairs  to  the  pipe 
system  in  important  mercantile  and  manufacturing  districts  will 
necessitate  the  shutting  from  service  a  length  of  main  greater  than 
the  side  of  a  single  block,  or  a  maximum  of  500  ft.,  or  in  other 
districts  a  length  greater  than  two  sides  of  a  single  block,  or  a 
inaximuTn  of  800  ft.  If  possible,  the  location  of  gates  should  be 
uniform;  that  is,  they  should  be  set  on  the  property  or  curb  lines 
at  street  intersections,  so  as  to  be  more  readily  located.  On  paved 
streets  it  is  advisable  to  provide  a  box  or  vault  of  sufficient  size 
to  permit  of  packing  the  gland  without  excavation.  When  the 
approximate  location  of  a  box  is  known,  and  it  is  covered  by  dirt 
on  an  unpaved  street,  or  by  ice,  a  pocket  compass  will  prove  an 
invaluable  aid  in  determining  its  exact  location,  for  by  passing 
the  compass  over  the  supposed  location,  about  an  inch  above  the 
groimd,  the  needle  will  deflect  toward  the  iron  cover,  and  by  a 
little  careful  work  can  be  made  to  indicate  the  exact  center  of  the 
cover.  The  compass  will  determine  the  location  of  a  box  that  is 
covered  as  deep  as  one  foot.  This  method  is  also  of  use  in  finding 
cast-iron  service  boxes  which  have  been  covered  by  granolithic 
sidewalks. 
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The  gate  valves  on  a  system  should  be  inspected  at  least  once 
a  year,  at  which  time  they  should  be  operated,  and  packed  if 
necessary.  The  boxes  should  be  kept  clean,  and  if  water  is  liable 
to  collect  and  freeze  in  them,  they  should  be  provided  with  a  drain 
to  the  sewer  or  be  pumped  out.  All  operating  nuts  should  be  of 
the  same  size,  and  all  gates  should  operate  in  a  uniform  direction. 
On  a  system  of  any  considerable  size,  gates  should  only  be  operated 
by  employees  specially  assigned  to  the  work,  and  a  record  should 
be  kept  by  them  of  each  operation..  Careless  inspection  and 
operation  is  sure  to  cut  down  the  carrying  capacity  of  the  system 
by  allowing  some  gates  to  remain  closed,  and  frequently  causes 
serious  delays  in  cases  of  accident.  Occasionally  division  gates 
between  diflferent  services  are  left  open,  and  the  apparent  increase 
in  consumption  in  the  higher  service  is  puzzling  to  the  super- 
intendent until  the  cause  is  discovered.  In  one  city  where  a 
record  of  gate  operation  was  not  kept  and  inspections  were  infre- 
quent, an  examination  of  7  000  valves  showed: 

49  closed  and  300  partially  closed  valves  on  lines  from  4  to  20  in.  in 
diameter. 

12  inoperative  valves. 

100  valves  either  not  on  the  plans  or  not  in  the  ground. 

2  gate  vaults  completely  filled  with  crushed  stone. 

1  division  gate  open. 

1  952  boxes  requiring  cleaning. 

In  a  smaller  city  an  inspection  of  40  valves  showed: 

1  valve  closed. 

1  valve  with  a  broken  spindle. 

1  valve  so  deep  that  it  could  not  be  reached  with  the  wrench. 

2  valves  operated  in  a  direction  opposite  from  the  others,  and  no  note 
made  of  the  fact  on  the  plans. 

2  valves  inaccurately  located  on  the  map. 

3  valve  boxes  filled  with  bricks  and  earth. 
1  operating  nut  too  large  for  the  wrench. 

The  hydrant  is  the  last  link  in  the  chain  from  the  source  of 
supply  to  the  point  of  delivery  to  the  fire  hose  lines.  Hydrants 
should  have  6-in.  barrels  with  6-in.  gated  connections  to  the  main 
and  a  foot  valve  having  a  free  waterway  of  at  least  20  sq.  in.,  so 
that  the  loss  when  1  000  gal.  are  being  withdrawn  shall  not  be 
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excessive.  In  cases  where  provision  is  made  for  more  than  one 
engine  to  take  suction  from  a  single  hydrant,  the  above  dimensions 
should  be  increased,  and  no  loss  greater  than  4  lb.  should  be  per- 
mitted when  hydrant  hose  streams  are  utilized.  The  operating 
nuts  of  all  hydrants  in  a  system  should  be  of  uniform  size  and  turn 
in  the  same  direction.  Where  hydrants  are  supplied  from  differ- 
ent services  it  is  advisable  to  paint  those  on  separate  services  a 
distinctive  color.  Care  should  be  taken  to  have  the  threads  on 
the  outlet  nipples  of  the  same  size  as  that  adopted  by  the  fire 
department  for  hose  couplings,  and  it  is  especially  desirable  to 
adopt  the  National  Standard  hose  thread,  so  that  apparatus 
summoned  from  neighboring  cities  can  make  connections. 

Hydrants  should  be  frequently  inspected  to  assure  their  opera- 
tion. They  should  be  packed  and  lubricated,  and  the  outlet  caps 
greased,  at  least  once  a  year,  and  they  should  then  also  be  oper- 
ated and  blown  out.  Before  cold  weather  sets  in  they  should  be 
carefully  inspected  for  drainage,  and  if  any  are  set  below  the 
ground-water  level  the  drips  on  such  should  be  plugged  and  the 
water  in  the  barrel  pumped  out.  During  periods  of  cold  weather 
those  in  high-value  districts  should  be  inspected  once  a  day,  and 
those  in  other  sections  twice  a  week.  Special  connections  should 
be  provided  for  filling  flush  wagons  and  sprinkling  carts,  and  the 
use  of  fire  hydrants  should  be  confined  solely  to  the  fire  department. 

The  question  of  the  distribution  of  hydrants  in  a  city  is  a  very 
important  one  from  the  fire  department  standpoint,  on  account 
of  the  great  friction  loss  in  long  lines  of  hose.  The  distribution 
should  be  such  that  ample  quantities  of  water  can  be  delivered 
to  a  large  fire  from  hydrants  at  an  average  distance  therefrom  of 
not  more  than  350  ft.  The  customary  method  of  figuring  hydrant 
spacing  on  a  linear  basis  does  not  convey  any  definite  information, 
for,  without  a  knowledge  of  the  size  of  the  blocks,  linear  spacing 
would  be  apt  to  convey  an  erroneous  impression.  For  example, 
the  locating  of  hydrants  at  linear  distances  of  200  ft.  in  one  city 
where  the  blocks  are  200  ft.  square  would,  in  the  matter  of  distri- 
bution, be  equivalent  to  the  locating  of  hydrants  at  linear  dis- 
tances of  100  ft.  in  another  city  where  the  blocks  are  800  ft. 
square  —  in  either  case  the  area  served  by  a  single  hydrant  being 
40  000  sq.  ft.    Under  the  diflfering  block  conditions  referred  to, 
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Portlaad,  Ore.,  illustrative  of  the  former,  would  require  one 
hydrant  at  each  street  intersection,  or  one  hydrant  to  a  block; 
while  Salt  Lake  City,  illustrative  of  the  latter,  would  require 
16  hydrants  to  each  block  between  the  center  lines  of  the  four 
bounding  streets.  It  is  clear,  therefore,  that  the  area  in  square 
feet  served  by  each  hydrant  is  the  proper  unit  to  adopt  in  order 
to  be  able  to  determine  the  adequacy  of  hydrant  distribution  and  to 
make  comparisons.  Where  it  is  necessary  to  concentrate  10  000 
or  more  gallons  of  water  per  minute  upon  any  building  or  block, 
there  should  be  one  hydrant  for  each  40  000  sq.  ft.  In  minor 
mercantile  and  small  manufacturing  districts  and  in  densely 
built-up  frame  areas,  there  should  be  one  hydrant  for  every  60  000 
sq.  ft.,  and  as  the  buildings  become  less  congested  the  distribution 
may  become  wider,  up  to  120  000  sq.  ft.  in  outlying  residential 
sections. 

From  the  operating  standpoint  the  inside  independently'^ted 
hose  outlet  cannot  be  considered  as  giving  the  best  results.  The 
leverage  furnished  by  the  wrench  ordinarily  used  by  the  fireman 
is  far  in  excess  of  that  required  to  operate  a  valve  of  equal  size  in 
any  other  service,  and  so  great  that  the  stem  can  be  broken  or 
other  parts  crushed  without  any  undue  exertion  on  the  part  of 
the  operator.  The  end  to  be  attained  may  best  be  accomplished 
by  attaching  outside  hose  gates  before  the  hydrant  is  open,  and 
such  a  procedure  will  not  introduce  an  objectionable  delay.  Such 
gates  carried  on  hose  wagons  are  more  reliable,  as  they  can  be 
easily  inspected  and  kept  in  working  order. 

The  matter  of  original  expense  is  also  a  very  important  item. 
Assimie  a  city  with  2  000  hydrants  and  16  hose  or  engine  com- 
panies. To  equip  the  2^-in.  outlets  on  all  the  hydrants  would 
cost  over  $20  000,  while  to  supply  the  16  companies,  each  with 
four  hose  outlet  valves,  would  cost  about  $650,  and  the  cost  of 
maintenance  would  be  in  about  the  same  proportion.  It  is  not  so 
practicable  to  deal  with  the  4i-in.  steamer  outlets  in  the  same 
way,  because  the  portable  valve  is  much  heavier,  so  where  it  is 
desirable  to  connect  a  steamer  to  a  hydrant  which  may  already 
be  delivering  to  a  hose  line,  or  where  there  are  two  steamer  con- 
nections on  a  hydrant,  it  proves  more  convenient  to  equip  these 
outlets  with  inside  gates. 
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The  purchaser  of  a  hydrant  should  insist  upon  having  the  wateiv 
ways  carefully  designed,  the  castings  smooth,  and  the  workmanship 
good.  The  neglect  of  these  points  often  admits  of  the  installation 
of  a  type  of  hydrant  which  is  well-nigh  valueless.  There  are 
hydrants  in  service  in  some  cities  to-day  which  show  a  loss  of 
35  lb.  between  the  street  main  and  the  hose  outlet  when  600  gal. 
of  water  are  being  drawn,  whereas  there  are  many  hydrants  of 
reliable  make  and  at  reasonable  cost  which  can  deliver  the  same 
quantity  of  water  with  a  loss  of  less  than  4  lb. 

The  requirements  necessitated  by  the  fire  protection  problem 
are,  of  course,  a  large  factor  in  the  cost  of  a  water-works  system, 
increasing  that  cost  from  50  to  100  per  cent,  over  what  it  would  be 
were  the  question  one  solely  of  f umishmg  water  for  domestic  and 
business  purposes.  But  these  requirements  have  to  be  met,  and 
while  in  no  one  city  are  they  all  fully  provided  for,  a  large  number 
of  our  mimicipalities  are  earnestly  endeavoring  to  attain  the  best 
possible  results  in  this  connection,  and  it  is  to  be  hoped  that  their 
example  will  be  speedily  followed  by  those  that  now  lag  behind  in 
the  matter  of  water-works  administration. 

It  is  evident  from  the  foregoing  that  the  fire  protection  problem 
is  one  of  the  first  importance  for  the  water-works  engineer,  for 
it  is  primarily  with  him  and  the  fire  department  that  its  solution 
lies.  It  is  perhaps  not  to  be  expected  that  any  water-works 
S3rBtem  will  fully  meet  its  requirements  in  all  their  complexity  of 
detail,  but  while  the  ideal  is  never  attainable,  it  is  always  more  and 
more  nearly  approachable.  That  it  may  be  the  more  nearly 
approximated  to  in  the  design,  construction,  and  maintenance  of 
a  water-works  system,  our  municipalities  should  make  it  an  indis- 
pensable part  of  their  policy  to  secure  for  this  work  the  best 
engineering  talent  available,  and  then  leave  it  unhampered  by 
political  or  other  considerations  to  pursue  its  course  toward  the 
realization  of  what  md!n  are  striving  for  and  mimicipalities  hoping 
for,  —  the  watchword  of  the  century,  —  a  maximum  of  efficiency 
at  a  minimum  of  cost. 
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DISCUSSION. 

Mr.  Frank  L.  Fuller.*  •  Mr.  President,  I  think  the  author 
has  set  a  high  standard  for  water-works  construction,  and  while 
there  are  details  as  to  which  engineers  and  water-works  men 
would  differ,  still  it  seems  to  me  that  on  the  whole  he  has  given 
us  an  admirable  lay-out.  He  deals,  perhaps,  more  particularly 
with  systems  for  cities  and  large  towns,  while  works  that  are 
being  built  at  the  present  time  are  generally  for  smaller  towns, 
and  the  requirements  for  them,  therefore,  would  probably  not 
be  equal  to  those  represented  in  this  paper. 

Mr.  W.  C.  HAWLEY.f  Mr.  President,  this  excellent  paper  has 
covered  the  ground  thoroughly,  and  every  practical  water-works 
man  will  agree  to  a  very  large  extent  with  the  opinions  which  have 
been  expressed.  It  brings  us  to  the  question  of  the  cost  of  all  of 
these  things  which  enter  into  the  construction  of  a  well-designed 
and  well-built  water-works  system  and  who  is  going  to  pay  for 
themy  and  that,  I  believe,  is  one  of  the  matters  that  we  have  got  to 
study  into,  and  about  which  we  must  educate  the  public.  Those 
of  us  who  are  connected  with  privately  owned  plants  are  con- 
fronted with  this  problem  constantly.  A  neighboring  municipal 
plant  is  selling  water  at  a  low  rate  per  1  000  gal.  and  is  not  charging 
for  fire  protection.  Nothing  is  said  as  to  how  much  is  being  raised 
in  the  municipality  by  direct  taxation  on  account  of  the  municipal 
water  department  or  the  quality  of  service  or  that  probably  no 
depreciation  is  being  earned,  and  the  result  is  that  the  comparison 
of  rates  between  the  municipally  owned  plant  and  the  privately 
owned  plant  is  most  unfair,  and  yet  a  large  part  of  the  community 
supplied  by  the  latter  is  firm  iii  its  belief  that  the  grasping  private 
monopoly  is  robbing  the  people  because  its  rates  are  higher  than 
those  charged  in  the  municipality. 

The  investment  in  water-works  plants  for  furnishing  fire  protec- 
tion may  vary  from  80  per  cent,  of  the  total  cost  of  the  plant  in 
the  case  of  a  small  water  works  down  to  a  very  small  percentage 
of  the  total  cost  in  the  case  of  a  large  one.  It  is  not  fair  that  the 
expense  of  furnishing  fire  protection  should  be  met  by  the  domestic 

*  Civil  Engineer,  Boston,  Mass. 

t  Chief  Engineer,  renn8>'lvania  Water  Co.,  Wilkinsburg,  Pa. 
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or  the  industrial  rates,  but  it  should  be  met  in  the  case  of  the 
municipal  plant  by  direct  taxation,  and  the  people  should  know 
what  they  are  paying  for  and  what  it  costs.  In  the  case  .of  pri- 
vately owned  plants  a  charge  to  the  municipaUty  must  be  made  for 
fire  protection,  to  be  raised  by  taxation,  or  else  the  cost  of  furnish- 
ing fire  protection  must  be  added  to  domestic  and  industrial 
rates.  Few,  if  any,  water  companies  are  charging  what  it  is 
actually  costing  them  to  furnish  fire  protection,  to  say  nothing  of 
a  reasonable  profit  upon  the  business.  The  computation  of  the 
cost  of  furnishing  fire  protection  is  a  matter  requiring  skill  and 
judgment,  and  cannot,  of  course,  be  made  with  great  accuracy. 
In  its  calculation,  however,  so  far  as  I  know,  every  question  in- 
volved has  been  solved  by  giving  the  benefit  of  the  doubt  to  the 
fire  protection;  and  even  when  a  minimum  cost  has  been  com- 
puted, few,  if  any,  water  companies  have  named  rates  which  would 
return  the  cost  of  the  service.  In  some  cases  it  has  been  customary 
to  purposely  add  a  part  of  this  cost  to  domestic  rates,  and  this  has 
been  justified  on  the  ground  that  fire  protection  is  received  on  both 
buildings  and  contents  and  that  in  many  cases  the  contents  do  not 
belong  to  the  owner  of  the  building  but  to  the  occupant,  who  is 
either  directly  or  indirectly  the  one  who  pays  the  domestic  rates, 
and  in  this  way  he  bears  a  share,  at  least,  of  the  cost  of  furnishing 
fire  protection. 

Rate-making  in  the  past  has  been  to  a  large  extent  a  matter  of 
guesswork,  but  with  the  introduction  of  public  utility  commissions 
throughout  the  country,  rate-making  will  be  put  on  a  more  scien- 
tific basis.  Sooner  or  later,  we  are  all  going  to  be  confronted  with 
this  problem,  and  we  shall  have  taken  a  long  step  in  advance  when 
the  public  comes  to  know  something  about  the  investment  neces- 
sary to  furnish  fire  protection  and  what  it  costs,  and  meets  it  by 
direct  taxation  instead  of  by  some  species  of  indirect  taxation  as  at 
the  present  time. 
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SOME  DIFFICULTIES  ENCOUNTERED  IN  TUNNEL  AND 
SUBWAY  CONSTRUCTION  IN  BOSTON. 

BT    FBBDEBIC    I.     WINSLOW,    BNGINEBB    OF    EXTENSION,     WATEB 
SEBVICE,  PUBLIC  W0BK8  DEPABTMENT,  BOSTON,  liASS. 

[Bead  Noumber  18,  1019,] 

This  paper  is  divided  into  several  parts,  the  first  relating  to  the 
pipe  changes  in  connection  with  the  various  subways  built  to  date 
in  this  city;  the  other  parts  describe  two  compressed  air  tunnels; 
the  building  of  the  Deer  Island  Reservoir,  and  some  other  work 
on  which  the  author  has  been  employed. 

TBEMONT  STBEET  SUBWAY. 

When  the  first  subway  was  built  in  1895  —  about  1  200  ft.  of 
Tremont  Street  was  taken  for  its  location.  The  City  had  had 
since  1847  along  this  line  two  30-in.  pipes  laid  about  5  ft.  apart  on 
centers,  and  the  subway  roof  came  either  just  up  to  or  just  above 
the  level  of  both  these  pipes.  It  was  proposed  at  that  time  to 
relay  them  entirely  away  from  and  around  the  subway  so  as  to 
avoid  all  difficulty  of  caring  for  them  during  construction,  and  later 
events  have  rather  proved  the  wisdom  of  such  a  course.  It  was, 
however,  not  adopted,  and  it  therefore  devolved  on  the  water 
department  to  maintain  these  pipes  by  shifting,  raising,  or  lower- 
ing them  as  was  necessary  for  the  construction  of  the  subway, 
all  with  the  codperation  and  assistance  of  those  in  charge  of  build- 
mg  it. 

The  subway  was  constructed  by  the  "  cut-and-cover  "  system; 
that  is,  alternate  sections  of  about  20  ft.  were  opened  at  the  same 
time  and  work  carried  on  under  cover  of  planks  at  the  street 
surface.  Work  was  never  stopped,  either  at  night,  on  Simday,  or 
on  a  holiday.  The  city  maintained  but  one  inspector  on  the  work 
alt  the  time,  with  three  shifts.  The  conditions  found  after  several 
breaks  had  occurred  demonstrate  and  emphasize  the  importance 
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of  the  thorough  inspection  of  work  involving  the  foundations  for 
heavy  pipes. 

There  were  at  the  same  time  perhaps  twenty  of  these  20-ft. 
sections  being  worked  on,  in  various  stages  of  construction. 
The  instruction  given  to  every  one  concerned  was  to  allow 
no  rigid  material  to  be  set  nearer  to  the  bottom  of  the  pipe  than 
4  in.,  that  is,  the  pipes,  as  the  old  foundations  were  undermined, 
were  set  on  4  in.  of  blocking,  and  the  subway  roof  was  carved  out 
under  the  bells  where  necessary  to  allow  4  in.  of  earth  between  the 
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Fig.  8. 


pipe  and  any  rigid  material  underneath.  These  orders,  if  faith- 
fully carried  out,  would  have  prevented  large  financial  loss  and 
annoyance  from  breakage,  although  to  have  carried  them  out 
would  have  required  at  least. four  times  as  many  inspectors  as 
were  employed,  and  it  was  ;iot  at  that  time  realized  that  such 
plain  directions  as  were  given  would  be  so  disregarded.  There 
have  been,  so  far,  eight  breaks  of  either  one  or  the  other  of  these 
pipes  over  the  subway,  costing  for  repairs  about  $9  000,  and  over 
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$60  000  more  for  damages.  In  every  case  where  a  pipe  broke,  it 
was  at  a  point  where  it  could  settle,  in  close  proximity  to  a  rigid 
bearing  where  it  was  so  firmly  held  that  it  could  not  yield,  and 
under  the  enormous  leverage  the  pipe  cracked  invariably  along 
the  center  line  of  the  bottom.  Figs.  8  and  9  show  sections  of 
the  pipes  as  found  after  the  breaks. 


Fig.  9. 
Showinq  Supports  found  under  Pipes. 


The  two  30-in.  mains  before  referred  to  had  to  cross  the  sub- 
way at  a  point  on  the  Common,  and,  qn  account  of  the  head  room 
over  the  subway  being  so  slight,  these  pipes  had  to  pass  under  it. 
This  was  done  by  means  of  a  sub-subway  about  40  ft.  below  the 
surface  of  the  Common,  the  pipes  at  this  point  being  30-  and 
40-in.  respectively.  The  old  pipes  were  maintained  in  service 
until  the  new  ones  were  turned  on,  the  work  being  done  at  night, 
on  Sunday,  and  on  a  convenient  holiday.  The  angle  made  by  the 
pipes  with  the  crossing  was  so  acute  as  to  make  the  length  con- 
siderably longer  than  the  width  of  the  subway. 

It  is  the  policy  of  the  water  department  to  use  as  few  single- 
casting  quarter-bends  as  possible,  especially  in  the  larger  isizes, 
so  that  two  one-eighth  bends  had  to  be  used  wherever  a  90-degree 
curve  was  necessary.  As  has  been  found  many  times,  and  prob- 
ably referred  to  in  past  meetings  of  this  Association,  two  eighth- 
bends  rarely  fit  so  as  to  make  one  quarter-bend,  due  probably  to 
improper  allowance  made  for  shrinkage  at  the  foundry.  It 
was  after  considerable  trouble,  therefore,  that  these  bends  were 
finally  fitted  and  anchored  in  place.  The  manner  of  anchoring  is 
shown  in  Fig.  10. 
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Reinforcing  rods  were  so  set  as  to  hold  the  masonry  in  place 
against  a  considerable  head  in  case  any  leak  should  develop  in  the 
pipes,  the  water  appearing  first  at  a  manhole  on  the  surface  of  the 
Common.  The  shafts  are  filled  around  the  pipes  solidly  with 
concrete,  the  curves  in  addition  being  anchored  in  place.  This 
work  was  designed  by  the  Transit  Commission. 

During  the  construction  of  the  subway  one  of  the  30-in.  mains 
was  moved  laterally  about  5  ft.  and  at  the  same  time  lowered  18  in. 


THE   MbTBOD 

This  was  accomplished  at  one  operation.  The  pairs  of  timbers 
between  which  the  lifting  screws  were  operated  were  set  on  an 
incline  on  rollers,  the  lateral  movement  being  made  by  barring, 
the  pipe  then  dropping  by  its  own  weight  as  the  screws  were  simul- 
taneously loosened.  Plate  XII,  Fig.  1,  shows  the  method  of 
shifting  this  pipe. 

THIRTY-INCH   STEEL   PIPE. 

When  the  second  subway,  or  tunnel,  so-called,  was  built  under 
Washington  Street,  it  was  decided  to  avoid  all  p>ossible  future 
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trouble,  at  least  over  the  subway,  by  laying  about  a  mile  of  36- 
and  24-in.  pipe  around  and  weU  away  from  the  site  of  the  work. 
This  was  done  by  the  regiilar  force  of  city  laborers,  chiefly  on 
account  of  the  supposed  difficulty  of  doing  this  kind  of  work  by 
contract  in  crowded  city  streets.  This  is  the  first  case  of  a  pipie  of 
this  size  laid  through  the  extremely  congested  streets  of  Boston. 
It  was  slow  and  expensive  work,  and  many  corporations  felt  that 
their  vested  or  acquired  rights  in  the  streets  were  being  ignored, 
and  although  every  attempt  was  made  to  avoid  the  disturbance 
of  other  structures  wherever  possible,  many  of  them  were  com- 
pelled to  give  way  as  the  main  was  laid.  Where  the  Washington 
Street  tunnel  was  crossed,  two  right-angle  turns  were  made, 
about  25  ft.  apart. 

As  it  was  an  exceptionally  poor  place  to  anchor  curves,  and  as 
the  tunnel  was  planned  so  near  the  street  surface  as  to  render  it 
impossible  to  lay  the  proper  size  of  pipe,  it  was  decided  to  lay  a 
short  piece  of  30-in.  flanged-steel  pipe,  including  the  two  bends. 
This  insertion  has  so  far  given  no  trouble. 

At  the  time  the  subway  was  built  in  the  Common,  the  City 
desired  to  lay  a  24-in.  high-service  main  across  the  proposed  sub- 
way at  West  Street.  As  was  often  the  case,  there  was  no  room 
for  that  size  of  pipe  over  the  subway,  so  three  bays  were  left  in 
special  construction,  and  three  16-in.  pipes  were  laid  instead; 

GASTLB  SQUARE. 

When  the  South  Station  was  built,  the  old  roadbed  of  the  Boston 
&  Albany  Railroad  was  doubled  in  width  as  far  out  as  Back  Bay 
Station,  involving  the  lengthening  of  all  the  bridges.  At  Castle 
Square  the  City  had  two  30-in.  pipes  crossing  by  an  overhead 
bridge.  The  widening  was  so  planned  as  to  permit  a  street  to  be 
used  directly  over  the  new  roadbed.  This  made  the  thickness  of 
the  street  at  this  point  too  little  to  .permit  of  a  larger  size  pipe 
than  20  in%,  so  four  20-in.  pipes  were  laid  in  place  of  the  two  30-in,, 
wye  branches  being  used  at  each  end.  Some  fear  was  felt  that  a 
long  line  so  little  protected  might  freeze,  and  as  at  that  time  a 
patented  covering,  composed  of  felt,  resin,  and  tallow,  was  coming 
into  use,  one  inch  of  this  was  put  around  these  pipes.  Under 
these  pipes,  to  protect  them  from  the  blast  of  the  locomotives, 
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Piping  at  Castle  BquABE. 
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cement  mortar  was  thrown,  below  this  bemg  a  plastered  wire 
netting.  Over  the  bays  was  placed  a  steel  plate,  on  which  rested 
the  roadbed  composed  of  asphalt  1}  in.  thick. 

For  some  years  observations  of  temperature  were  made  at  this 
point',  but  the  water  in  the  pipes  never  reached  the  freezing  point. 
Plate  XII,  Fig.  2,  shows  the  work  at  Castle  Square  about  half 
completed. 

0OMPBE8SED  AIB  TUNNELS. 

The  earlier  pipe  crossings  of  the  harbor  were  made  by  siphons 
where  the  pipe  was  embedded  in  concrete  enclosed  in  a  heavy 
wooden  box,  and  the  entire  siphon  simk  in  one  piece.  As  changes 
occurred  in  depth  or  width  of  the  channels,  it  appeared  wiser  to 
make  these  crossings  safe  and  beyond  the  reach  of  any  future 
disturbance.  Accordingly  three  crossings  were  made  in  1904  and 
1905,  of  which  two,  the  one  at  Dover  Street  and  the  one  at  M3rstic 
Wharf,  were  in  charge  of  the  writer.  As  all  were  done  under  similar 
conditions,  a  description  of  one  fits  all. 

The  longest  of  the  three  tunnels  was  at  Mystic  Wharf,  where  the 
distance  between  the  shafts  was  about  550  ft.  The  shafts  were 
60  ft.  in  depth.  In  every  case  a  wrought-iron  cylinder  was  sunk 
over  the  shaft  location,  and  weighted  so  that  it  would  sink  well 
into  the  mud  before  the  air  was  put  on.  The  cylinder  was  then 
lined  with  the  brick  as  designed,  causing  still  further  settlement. 
The  small  air  lock  was  then  put  on  and  on  the  application  of  the 
air,  the  water  lowered  in  the  cylinder.  The  process  of  operation 
from  this  time  was  to  excavate  from  4  to  6  ft.  beneath  the  lower 
flange  and  for  1  ft.  out  from  the  inner  edge  of  the  cylinder,  and 
then  to  lay  brick  in  its  permanent  position  in  the  shaft,  the  cylinder 
being  supported  by  its  own  friction.  A  circular  row  of  pipes  had 
been  driven  aroxmd  the  shaft  to  guide  and  hold  it  in  position. 

Speed  is  alwa3rs  slow  on  this  part  of  the  work,  on  account  of  the 
restricted  space  in  which  to  lay  brick.  The  shafts  were  8  ft. 
internal  diameter,  the  excavation  was  almost  wholly  in  stiff  blue 
clay,  with  some  sand  seams.  The  lines  were  maintained  from  a 
base  line  4  ft.  long,  from  holes  bored  in  the  bottom  plate  of  the 
air-lock,  piano  wire  being  used  with  plumbs  in  water  at  the  base  of 
the  shaft.    This  line  was  produced,  and  operations  repeated  again 


334  DIFFICULTIES  MET  IN  SUBWAY   CONSTRUCTION. 

and  again,  and  from  this  short  base  Ime,  no  appreciable  error  was 
found  when  the  second  shaft  was  opened  550  ft.  away.  Plate 
XIII  shows  the  general  plan  of  one  of  the  tunnels. 

The  mode  of  procedure  in  tunneling  was  as  follows:  A  length 
of  10  ft.  of  the  upper  half  of  the  tunnel  Was  excavated,  the  material 
being  carved  out  easily,  and  the  roof  was  then  held  in  plsuse  by 
curved  flanged  plates  supported  by  posts,  the  plates  being  bolted 
and  left  in  place,  forming  the  backing  for  the  brick.  The  lower 
half  of  the  tunnel  was  then  removed  and  the  bricks  laid  in  the 
entire  section.  The  men  worked  in  11-hour  shifts  throughout  the 
work,  and  a  speed  of  5  ft.  of  finished  tunnel  per  day  was  made. 
Occasionally  10  to  12  ft.  would  be  excavated  in  one  day.  The 
brick  lining  was  1  ft.  in  thickness.  A  specially  fine  sand  was  used 
for  the  purpose  of  reducing  leakage  into  the  tunnel.  After  some 
months,  however,  all  the  tunnels  were  found  filled  with  water. 
The  inside  of  the  tunnel  was  plastered  with  neat  cement,  no  water- 
proofing material  being  used.  The  distance  between  the  top  of 
the  tunnel  and  the  bottom  of  the  channel  was  17  ft.  The  air- 
pressure  varied  from  18  to  24  lb.,  but  one  compressor  being  in 
service,  excepting  for  a  short  time  toward  the  end  of  the  work. 
One  tunnel  carries  a  16-  and  a  24-in.  pipe,  the  other  a  30-in.  pipe. 

It  is  believed  that  the  greater  safety  of  the  pipes,  the  ease  of 
making  repairs,  and  the  fact  of  the  pipes  being  beyond  the  reach 
of  any  probable  change  in  the  channel  more  than  compensate 
for  the  increased  cost  of  this  method  over  the  older  method  referred 
to  previously.  Plate  XIV,  Fig.  1,  shows  the  method  of  construc- 
tion in  tunnel. 

DEER  ISLAND. 

Deer  Island  is  near  the  mainland  on  the  north  side  of  Boston, 
and  is  used  by  the  City  for  its  penal  population.  The  original 
pipes  across  Shirley  Gut  were  two  8-in.,  laid  so  near  together  that  if 
one  broke  the  other  was  also  liable  to  go.     These  were  laid  in  1871. 

In  1896  an  8-in.  pipe  was  laid  across  Shirley  Gut,  followed  four 
years  later  by  a  12-in.,  laid  some  distance  away.  The  two  types  of 
flexible  joint  used  in  this  vicinity  are  shown  in  Figs.  11  and  12.  Fig. 
11  design  shows  the  style  of  joint  in  the  old  pipes;  it  resembles 
the  old  Ward  flexible  joint,  in  that  the  score  is  cut  into  the  spigot, 
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so  that  whenever  a  change  occurs  in  the  relation  of  two  adjacent 
pipes  the  lead  emerges  from  within  the  bell.  The  objection  to  this 
form  of  joint  is  that  when  the  two  pipes  reassume  their  original 
position,  the  lead  is  liable  to  be  skived  off.  In  Fig.  12  design, 
which  has  been  in  use  in  the  vicinity  of  Boston  since  1895,  the  lead 
is  held  within  the  bell  and  does  not  emerge  when  the  pipe  shifts 


\ 


Fig.  11. 
Flexible  Joint  with  Lead  on  Spigot. 


position.  In  laying,  the  pipe  was  placed  on  rollers  in  a  long  run- 
way on  the  bank,  and  as  the  distance  across  Shirley  Gut  was  but 
about  500  ft.  it  was  easily  pulled  across  by  a  capstan  arranged  on 
the  opposite  shore. 

After  these  pipes  were  laid  it  was  decided  as  a  further  safeguard 
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to  the  1  000  to  1  800  involimtaxy  inhabitants  of  the  island  to 
build  a  reservoir  large' enough  to  hold  some  weeks'  supply  and  at 
an  elevation  sufficient  to  feed  the  highest  buildings.  The  size 
settled  on  was  of  two  and  one -half  million  gallons  capacity,  the 
dimensions  being  138  ft.  by  43  ft.  on  the  bottom,  231  ft.  by  136  ft. 
at  the  water  line,  and  282  ft.  byl87  ft.  at  the  extreme  outside  path. 
The  reservoir  was  so  designed  as  to  equalize  the  cut  and  fill,  but 
was  slightly  sunk  to  avoid  too  high  a  bank,  as  the  Government 
proposed  to  have  a  station  near  by  on  the  island  for  heavy  gun 
practice. 

The  material  of  this  hill,  like  all  the  drumlins  in  the  vicinity  of 
Boston,  is  an  almost  impervious  hardpan,  and  rain  falling  on  it 
would  remain  imtil  evaporated.  The  peculiar  features  about  this 
reservoir  were  the  long  time  required  in  building  it,  and  the  low 
cost  of  the  the  labor  involved.  It  took  six  years  in  building,  all 
labor  except  a  few  foremen  being  taken  from  the  ranks  of  those 
who  were  serving  their  coimty  by  working  with  no  compensation 
save  bed  and  board,  or,  in  other  words,  "  doing  time  "  at  a  city 
seaside  resort.  They  therefore  had  no  particular  incentive  to 
labor,  or  to  turn  out  specially  good  work,  although  they  did  do  so. 

The  hours  of  labor  were  not  lengthy,  three  and  one-half  hours 
in  the  forenoon,  and  two  and  one-half  or  three  in  the  afternoon. 
There  was  no  opportunity  on  this  work  to  actually  compare  the 
labor  with  high-priced  or  free  labor  on  similar  work.  Some  years 
ago,  however,  the  writer  did  compare  the  two  kinds  of  labor  in 
laying  a  mile  or  two  of  pipe,  and  found  that  the  efficiency  of  the 
unpaid  labor  was  from  one  eighth  to  one  tenth  of  the  paid  labor. 

High-water  mark  of  the  reservoir  was  elevation  109  ft.  above 
City  Base,  the  top  of  the  bank  being  at  elevation  114  and  the  bot- 
tom of  the  reservoir  at  elevation  88.  The  inside  slopes  were  2  to  1, 
the  outside  slopes  being  2i  to  1.  All  work  in  excavation  was  care- 
fully trimmed  to  6  in.  below  grade,  and  filled  to  grade  with  concrete 
of  1  :  2  : 4  mixture,  the  finished  surface  being  plastered  so  as  to 
present  a  smooth  appearance.  A  flight  of  steps  was  constructed 
in  order  that  sediment  may  be  carried  out  from  the  bottom.  No 
drainage  pipe  was  provided,  in  order  to  save  expense;  in  fact,  all 
expense  for  materials  was  cut  as  much  as  possible. 

The  site  was  first  stripped  of  the  thin  layer  of  loam  f oimd  on  the 
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island  and  the  banks  were  built  up  in  layers  of  less  than  6  in.  in 
thickness,  and  very  thoroughly  rolled  when  wet  with  a  grooved 
roller,  all  large  stones  being  removed.  Up  to  the  present  time  the 
reservoir  has  been  filled  and  emptied  several  times,  and  there  has 
never  appeared  to  be  any  leakage  or  head  behind  the  concrete 
lining,  and  no  leakage  has  shown  through  the  bank. 

The  overflow  consists  of  a  16-in.  pipe  laid  on  a  large  block  of 
concrete  going  well  down  into  the  concrete  beneath  the  stone 
chips.  The  one  pipe  serving  as  intake  and  outflow  is  a  12>in. 
This  was  laid  from  the  bottom  of  the  reservoir  to  the  gate  chamber 
in  tuimel.  This  timnel  was  braced,  in  order  to  avoid  any  possible 
suits  for  damages,  although  it  would  undoubtedly  have  stood 
alone.  To  prevent  leakage  through  this  tunnel,  it  was  back- 
filled with  lean  concrete. 

The  flow  into  the  reservoir  had  to  be  controlled  to  prevent 
overflowing,  so  that  the  method  shown  of  three  2-in.  inlet  pipes 
controlled  by  2-in.  ball  cocks  with  12-in.  floats  was  adopted. 

In  the  ordinary  operation  of  the  reservoir  the  check  valve  in  the 
bottom  of  the  chamber  is  shut  by  the  pressure  against  it,  water 
rises  to  the  tank  and  flows  down  beyond  the  check  valve  into  the 
reservoir.  If  the  head  m  the  pipes  on  the  island  drops,  the  reser- 
voir acts  automatically  and  the  check  valve  opens.  There  are 
of  course  check  valves  on  the  island  side  of  the  two  mains  across 
the  gut,  so  that  if  the  pipes  break,  the  reservoir  would  not  be 
emptied. 

The  material  for  the  reservoir  cost  as  follows:  Cement,  $3  082; 
paving  blocks,  $946;  valves,  $218;  lumber,  $474;  a  total  of 
$4  720  for  material,  or  $3  774  not  including  the  paving  blocks, 
which  were  purchased  and  used  merely  to  give  the  slope  a  neater 
appearance.  This  reservoir  is  an  example  of  low-priced  construc- 
tion where  labor  cost  nothing  and  time  is  of  minor  consideration. 

Plate  XV  shows  the  plans  of  the  reservoir. 

THIRTY-INCH   CEMENT-LINED   PIPE. 

In  1900,  it  became  necessary  to  remove  and  relay  with  cast-iron 
pipe  about  850  ft.  of  the  30-in.  cement-lined  wrought-iron  pipe 
which  was  laid  into  Charlestown  in  1870.  The  reason  for  relaying 
was  in  no  way  caused  by  a  failure  in  the  old  pipe,  part  of  which  is 
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still  in  use  and  which,  when  laid  in  unyielding  soil,  has  given  good 
satisfaction.  In  constructing  this  pipe  three  3-ft.  lei^hs  were 
joined  in  the  shop.  Over  both  of  the  riveted  joints  a  clamp  sleeve 
of  proper  curve  section  was  placed,  the  space  between  the  sleeve 
and  the  outside  surface  of  the  main  being  filled  with  neat  cement. 
These  9-ft.  lengths  were  joined  together  in  the  trench  by  a  close- 
fitting  sleeve  8  in.  wide.  The  outside  of  the  pipe  was  covered  with 
2  in.  and  the  interior  was  lined  with  1^  in.  of  cement.      The 
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wrought-iron  composing  the  pipe  was  0.16  in.  thick,  and  in  spots 
had  rusted  to  0.11.  The  cement  removed  seemed  extremely 
inert. 

PIPE   TO    SPECTACLE    ISLAND. 

During  the  present  year  a  Ime  of  4  000  ft.  of  4rin.  pipye,  with 
Ward  flexible  joints,  was  laid  connecting  Ix)ng  and  Spectacle 
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islands.  The  12-ft.  lengths  weighed  330  lb.,  requiring  18  lb.  of 
lead  per  joint.  A  cradle  115  ft.  long,  resting  on  the  bottom  of  the 
harbor,  was  us^,  in  which  to  lay  the  pipe,  the  water  being  28  ft. 
in  depth  a  portion  of  the  way.  Plate  XIV,  Fig.  2,  shows  the 
manner  of  laying  the  pipe  from  the  scow. 

Fig.  13  shows  a  few  sheets  of  a  book  of  eighty  or  more  pages, 
giving  locations  to  gates  on  important  lines  for  the  use  of  those 
who  are  compelled  to  find  them  at  any  time. 

As  some  portions  of  the  matters  referred  to  in  this  paper  have 
previously  appeared  in  Engineering  News,  the  author  desires  to 
thank  them  for  courtesies  extended  in  permitting  the  use  of  the 
same.  The  author  is  also  imder  obligation  to  the  Boston  Transit 
Commission,  and  to  Mr.  Edwin  C.  Hayden  for  photographs 
loaned. 
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USES  AND  ABUSES  OF  WATER  FILTRATION. 

BY  GILBERT  H.  PRATT,  CHEMIST  OF  THE  RHODE  ISLAND  STATE  BOARD 

OF  HEALTH. 

[Rtad  Deeuhber  11, 191  g.] 

In  connection  with  the  uses  of  filtration  of  water,  the  author  would 
first  mention  a  few  of  the  conditions  which  call  for  such  treatment. 
For  many  years  a  town  or  city  may  have  been  using  some  water 
of  comparatively  good  appearance  as  a  supply  when  suddenly 
there  appears  an  unusual  amount  of  typhoid  fever  among  the 
people.  Investigation  demonstrates  that  it  is  the  water  supply 
which  is  common  to  these  cases,  and  bacteriological  tests  prove 
that  the  water  of  the  stream  is  polluted.  Further  investigation 
shows  that  there  have  been  some  cases  of  typhoid  in  a  small 
village  upstream,  which  has  no  sewage  purification,  and  the  ex- 
creta from  these  cases  has  found  its  way  into  the  water  supply 
of  the  downstream  neighbor.  This  experience  —  such  a  common 
one  in  the  case  of  cities  and  towns  taking  their  supplies  from 
streams  which  have  an  increasing  population  on  the  watershed  — 
leads  to  a  full  appreciation  of  the  need  of  purification,  and  the 
resulting  improvement  in  the  supply  with  attendant  betterment 
of  the  health  of  the  community  serve  as  evidence  of  one  use  to 
which  filtration  is  put. 

Another  city  may  be  enjoyin ,  an  exceptionally  good  health 
record,  especially  as  to  typhoid  fever,  but  the  presence  of  a  large 
amount  of  organic  matter,  giving  the  water  a  high  color  and  a 
vegetable  taste,  causes  criticism  of  the  supply,  and,  regardless 
of  analyses  as  to  its  sanitary  purity,  a  large  number  of  citizens 
persist  in  the  contention  that  the  supply  is  not  what  an  up-to-date 
city  should  be  furnishing,  until  finally  it  is  decided  to  filter  the 
water  by  mechanical  filtration  in  order  to  get  a  water  of  better 
appearance.  The  criticism  above  referred  to  immediately  ceases, 
and  the  people  receive  a  practically  colorless  water  with  com- 
paratively no  taste  in  place  of  the  old  familiar  "  organic  brew." 
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Thus  esthetic  reasons  may  m  many  eases  be  sufficient  cause  for 
filtration,  and  the  resulting  output  certainly  justifies  its  use  in 
these  cases. 

Similar  to  the  above  mstance,  the  presence  of  different  algse  may 
be  the  cause  of  disagreeable  odors  and  tastes  which  demand  filtra- 
tion by  methods  which  in  such  cases  usually  require  aeration  in 
conjunction  with  either  double  slow  sand  filtration  or  mechanical 
filters. 

Some  cities  or  towns  and  numerous  smaU  private  supplies  have 
been  troubled,  in  cases  where  the  supply  is  from  driven  wells,  by 
the  presence  of  iron  in  the  water.  This  iron  often  exists  in  the 
lower  state  of  oxidation  or  ferrous  condition  and  upon  contact 
with  the  air  separates  from  the  water  as  a  ''  brick  dust  "  sediment. 
Such  supplies  as  this  can  be  purified  by  methods  involvii^  aeration 
and  oxidation  of  the  iron  before  filtration  or  in  the  case  of  smaller 
supplies  this  has  been  successfully  done  by  the  use  of  a  patented 
double  filter  which  utilizes  sand  and  animal  charcoal. 

Many  industrial  processes,  especially  bleaching  and  dyeing, 
require  water  of  good  color,  low  m  iron,  and  free  from  turbidity. 
This  requirement  has  resulted  in  the  installation  of  a  large  number 
of  filter  plants,  and  the  use  of  filtration  for  these  purposes  has  been 
invaluable  to  numerous  mills  of  this  and  other  coimtries. 

A  great  many  times  filtration  is  resorted  to  largely,  if  not  entirely, 
to  remove  turbidity  from  the  water.  This  is  true  of  many  western 
waters. 

Having  thus  brought  out  different  conditions  which  call  for 
the  use  of  filtration,  the  author  will  now  cite  certain  concrete 
instances  of  installations  which  have  been  made  for  the  different 
reasons  above  mentioned,  and  will  present  results  which  will  show 
the  efficiency  of  such  plants  when  properly  operated  in  improving 
the  objectionable  features  which  they  were. primarily  installed  to 
remove. 

As  instances  of  purification  of  supplies  which  have  at  times, 
prior  to  the  use  of  filtration,  been  the  cause  of  typhoid  fever,  — 
or,  in  other  words,  as  instances  to  illustrate  filtration  for  removal 
of  bacterial  p<^ution,  —  we  may  cite  Lawrence,  Mass.,  and 
Providence,  R.  I.  The  Merrimac  Biver  receives  sewage  pollution 
at  Lowell  and  at  many  other  points  above  Lawrence,  and  its 
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average  bacteriological  condition  during  1910,  to  cite  one  typical 
year,*  as  received  on  to  the  filters^  was  a  total  count  of  9  100 
bacteria  per  c.c,  and  the  colon  bacillus,  which  is  taken  as  evidence 
of  the  presence  of  sewage  contamination,  was  present  in  all  the 
samples  examined  in  1  c.c.  tests.  The  output  from  the  plant 
(old  filter)  showed  only  57  bacteria  per  c.c.  and  the  test  for  B. 
coli  communis  was  positive  in  only  8.3  per  cent,  of  the  samples 
examined  in  1  c.c.  tests.  This  shows  a  removal  of  99.4  per  cent, 
of  the  bacteria  and  a  very  marked  improvement  of  the  conditions 
as  to  the  presence  of  B.  coli  communis. 

The  water  supply  of  Providence  is  obtained  from  the  Pawtuxet 
River,  and  prior  to  the  year  1906  was  used  without  filtration. 
During  these  years  there  were  at  least  two  typhoid-fever  epidemics 
which  were  traceable  directly  to  contamination  of  the  drinking 
supply  of  the  city.  The  first  was  in  1882  and  the  second  in  1888, 
the  latter  epidemic  being  caused  by  the  fact  that  the  attendants 
upon  a  case  of  typhoid  fever  had  considered  the  river  a  means  of 
quick  disposal  of  the  fecal  matter  of  the  patient. 

Agitation  for  purification  immediately  followed  this  last  epi- 
demic, but  it  was  a  number  of  years  before  the  type  of  filter  could 
be  settled;  but  finally,  in  1902,  the  contract  was  let  for  slow  sand 
filters,  and  beginning  with  1906  the  city  was  furnished  with  filtered 
water.  The  results  were  noted  at  once,  not  so  much  from  the 
standpoint  of  color,  —  for  as  is  the  case  with  this  type  of  filtration 
only  a  comparatively  small  per  cent,  of  color  is  removed,  —  but 
by  the  freedom  of  the  water  from  turbidity  and  sediment  and  by  a 
reduction  in  the  organic  matter  which  had  caused  a  marked  vege- 
table odor  and  taste.  Beside  the  visible  improvement  in  the 
supply,  the  analytical  study  of  the  conditions  before  and  after 
filtration  showed  the  changes  which  were  effected,  and  the  excellent 
sanitary  condition  of  the  supply. 

As  an  indication  of  the  work  which  these  filters  have  performed, 
I  would  present  (Table  1)  the  following  figures  showing  the  average 
condition  of  the  river  as  to  appearance,  color,  and  bacteria  for  four 
years  from  1902  to  1905  inclusive  as  shown  by  bi-monthly  tests 
made  by  the  Rhode  Island  State  Board  of  Health,  and  for  com- 
parison similar  figures  on  samples  taken*  from  a  tap  in  the  city 

*  Mwsachufletts  State  Board  of  Health  Report  1910,  page  273. 
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1  

covering  the  same  period.    These  figures  show  that  during  this 

period  the  distribiltion  system  and  reservoir  storage  effected  some 

purification  as  shown  by  the  slight  improvement  in  the  appearance, 

a  removal  of  10.9  per  cent,  of  color  and  81.8  per  cent,  of  bacteria. 

Tests  for  B.  coli  communis  were  not  made  by  the  Board  at  this 

time. 

TABLE  1. 

Pbovwencb  Water  Supply. 

(1902—1905.) 


Source. 


Ayenge 
Turbidity. 


Ayerage 
Sediment. 
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per  c.c. 


Remarks  < 


Intake. 
Tap  in  city. 


Per      cent, 
removal. 


96 
96 
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cided. 

Very  Blifht 
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Appreciable. 


Considerable. 

46 

4,000 

Slight. 

41 

730 

Appreciable. 

10.9 

81.8 
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After  reservoir 
system  and 
distribution. 


(1906—1911.) 


8ouroe« 

No.  of 
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Average 
Turbidity. 

Average 
Sediment. 

Average 
Color. 

Average 
Bacteria 

I  in  10  c.c. 
.  Percent. 
Uunples. 
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■ 

per  C.C. 

Sli 

nl 

Intake. 

144 

SUght. 

Slight  to  con- 
siderable. 

48 

2,626 

92 

Tap      in 

144 

None. 

None  to  very 

28 

60 

1.7 

After  filtration, 

\    city. 

slight. 

reservoir  svs- 
tem  and  dis- 

r^ 

tribution. 

Per 'cent. 

Complete. 

Almost   com- 

41.7 

97.6 

removal. 

plete. 

Similar  figures  are  also  presented  (Table  1)  showing  the  average 
condition  of  the  river  for  six  years  subsequent  to  the  use  of  filtra- 
tion covering  the  years  1906  through  1911,  and  similar  figures 
from  a  tap  in  the  city  for  comparison.    These  figures  show  a 
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marked  improvement  in  the  appearance  of  the  water,  a  41.7  per 
cait.  of  removal  of  color,  as  compared  with  only  10.9  per  cent,  due 
to  the  reservoir  system  prior  to  filtration,  which  would  indicate 
30.8  per  cent,  due  to  the  filters  themselves,  and  show  a  removal  of 

97.5  per  cent,  of  the  total  number  of  bacteria  present.  B.  coli 
conununis  was  f  o\md  to  be  present  in  92.0  per  cent,  of  the  number  of 
samples  tested  on  the  river,  and  in  only  1.7  per  cent,  of  those  taken 
in  the  city  during  the  filtration  period,  these  tests  being  on  10  c.c. 
SBjIDtiples. 

In  the  preceding  tables  one  sample  has  been  omitted  in  striking 
the  bacterial  averages  for  the  tap  in  the  city  during  the  six 
years  of  filtration  because  of  the  fact  that  certain  conditions  which 
will  be  brought  out  later  required  the  use  of  river  water  which 
affected  that  sample.  The  figures  presented,  therefore,  are  a 
true  measure  of  the  water  of  the  city  during  filtration,  and  show 
the  good  work  which  has  been  accomplished  in  removing  the 
bacterial  pollution  from  the  water. 

The  water  supply  in  East  Providence  is  taken  from  the  Ten 
Mile  River,  which  is  a  polluted  stream  receiving  sewage  from 
Attleboro,  Mass.  The  condition  of  this  river  became  such  that 
in  1899,  upon  the  recommendation  of  the  State  Board  of  Health, 
a  mechanical  filter  plant  was  installed.  The  results  have  been 
highly  satisfactory,  showing  a  reduction  from  8 160  bacteria 
per  c.c.  in  the  river  to  33  per  c.c.  in  the  effluent,  or  a  removal  of 

99.6  per  cent.,  and  complete  removal  of  B.  coli  communis  at  all 
times.  These  analyses  were  of  monthly  samples  taken  the  first 
eleven  months  of  this  ypar.  In  addition  to  this  efficiency  for 
bacterial  removal,  the  plant  at  the  same  time  reduced  the  color 
from  61  in  the  case  of  the  raw  water  to  6  in  the  filtered  water,  or  a 
removal  of  90.1  per  cent. 

From  the  above,  it  has  been  plainly  shown  what  can  be  ax;- 
complished  by  either  slow  sand  filtration  or  mechanical  filtration 
in  removing  dangers  from  bacterial  pollution  of  water  supplies, 
and  it  would  seem  to  indicate  very  little  choice  between  the  two 
systems  from  the  standpoint  of  removals  effected,  but  with  the 
advantage  in  favor  of  mechanical  filtration  from  the  standpoint  of 
removal  of  color  from  water  high  in  organic  material.  I  will  not 
attempt  to  go  into  a  discussion  of  the  relative  merits  of  these 
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two  systems  of  purification,  as  that  is  not  the  subject  of  this  paper, 
but  I  will  simply  say  that  each  system  is  efficient  imder  certain 
conditions,  and  local  conditions  should,  in  all  instances,  assist  in 
the  selection  of  one  or  the  other  method. 

As  an  instance  to  illustrate  the  use  of  filters  for  removal  of 
color,  I  would  cite  the  case  of  the  plant. at  East  Warren,  R.  I., 
where  during  1911  the  color  in  the  raw  water  averaged  74,  and 
was  reduced  by  the  mechanical  filters  to  11,  or  a  removal  of  85.1 
per  cent.  This  plant  is  an  illustration  of  a  case  where  slow  sand 
filters,  while  they  would  have  delivered  a  sanitary  output,  in  a 
short  time  would  have  experienced  trouble  from  algae  present, 
and  the  output  would  not  have  given  satisfaction  to  the  consumers 
because  the  water  would  still  have  been  highly  colored  instead  of 
being  practically  colorless  as  is  the  present  condition.* 

At  Newport,  R.  I.,  there  is  a  mechanical  filter  plant  which  has 
been  installed  to  serve  a  double  purpose  of  removing  bacterial 
pollution  and  also  to  remove  odors  due  to  algae.  This  is  an  up-to- 
date  plant  in  every  way,  using  a  system  involving  aeration, 
coagulation,  and  sedimentation,  followed  by  filtration  and  then 
disinfection  of  the  supply  with  hypochlorite  of  lime.  The  color 
of  this  water  is  comparatively  low,  and  the  ^'esulting  output  is  of 
good  appearance,  when  the  plant  is  being  operated  up  to  its 
possibiUties,  and  the  effluent  is  largely  free  from  algae  and  odor 
troubles.  Likewise,  the  water  is  reduced  as  to  bacterial  coimt  to 
a  point  where  it  is  practically  sterile. 

Next  passing  to  the  question  of  concrete  instances  of  installations 
for  the  removal  of  iron,  I  would  mention,  the  plant  at  Marblehead, 
Mass.,  where  by  the  use  of  aeration  and  filtration  through  sand  the 
color  of  the  water  is  improved  from  a  rusty  appearance  to  a 
practically  colorless  water,  and  the  iron  is  reduced  from  4.70  parts 
per  million  to  .06  parts,  or  a  removal  of  98.7  per  cent.  One 
installation  has  come  under  my  personal  observation  where 
the  particular  apparatus  above  referred  to,  which  employs  a 
double-cylinder  filter  using  sand  and  animal  charcoal,  showed  a 
removal  of  iron  from  8.00  parts  to  .10  parts,  or  98.75  per  cent, 
removal,  with  accompanying  improvement  in  the  appearance  of 
the  water. 

In  connection  with  the  use  of  filters  in  the  purification  of  water 
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for  industrial  purposes,  I  would  say  that  I  have  been  in  touch  with 
a  number  of  installations  where  mechanical  filters  have  been  in- 
stalled of  different  types  which,  when  properly  operated  under 
proper  supervision,  turn  out  a  product  which  gives  entire  satis- 
faction and  shows  purification  in  every  way  comparable  with  the 
results  above  given. 

In  treating  the  second  part  of  my  subject,  namely,  the  abuses  of 
water  filtration,  I  would  call  attention  to  a  number  of  ways  of 
abuse  which  might  lead  to  criticism  of  the  whole  idea  of  filtration, 
but  in  citing  these  cases  where  such  abuses  have  occurred,  for 
obvious  reasons  I  wiU  refram  from  naming  the  installations  m 
most  cases. 

In  the  case  of  slow  sand  filtration,  one  would  consider  it  an 
abuse  to  attempt  to  purify  a  water  high  in  algse  content  which 
would  result  in  clogging  of  the  beds  and  a  general  upsetting  of 
operating  conditions  at  the  plant.  Of  course,  double  slow  sand 
filtration,  especially  if  in  connection  with  aeration,  would  qualify 
this  previous  statement,  as  aeration  and  a  pre-filter  would  put 
the  water  in  condition  where  it  could  be  handled  by  the  secondary 
filters,  but  where  aeration  followed  by  coagulation  and  sedimenta- 
tion and  filtration  by  mechanical  filters  would  obviate  all  of  the 
trouble  due  to  clogging  of  the  beds,  it  would  seem  as  if  it  was 
abusing  the  at  times  satisfactory  method  of  slow  sand  filtration 
to  attempt  to  handle  such  a  water  by  simple  slow  sand  filtration. 

It  would  also  seem  an  abuse  of  this  method  to  use  it  in  connec- 
tion  with  filtration  of  highly  colored  water,  which  would  subject 
the  method  to  criticism  on  account  of  the  unsatisfactory  ap- 
pearance of  the  output. 

Another  abuse  of  this  method  in  connection  with  operation  of 
the  filters  is  too  quick  changing  of  rates  of  operation,  which  tends 
to  disturb  the  bacterial  action  going  on  at  the  surface  with 
attendant  poor  results  from  an  anal3rtical  standpoint.  Also 
attempting  to  overcrowd  the  filters  by  running  at  too  high  rates 
is  a  practice  which  is  sometimes  met  with,  which  results  in  diminu- 
tion of  the  efficiency  of  the  plants. 

A  slow  sand  filtration  plant  which  would  handle  a  given  water 
satisfactorily  might,  as  was  the  case  in  Providence,  be  installed 
without  covering  the  beds.     Such  an  installation  as  this  in  this 
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section  of  the  country  is  certainly  an  abuse  of  the  method,  for 
the  result  invariably  would  be  what  was  found  in  Providence, 
that  as  soon  as  a  hard  winter  struck  the  plant  the  beds  would 
become  covered  with  ice  and  it  would  be  impossible  to  get  at  the 
surface  to  clean  without  removal  of  the  cakes  of  ice.  This  condi- 
tion occurred  in  Providence  for  a  short  time  during  February,  1907, 
finally  necessitating  opening  the  river  gate,  and  the  use  of  raw 
water  for  about  two  weeks  or  so  before  the  weather  moderated 
and  before  the  ice  could  be  removed.  This  experience  resulted  in 
steps  immediately  being  taken  to  cover  the  beds,  and  this  experi- 
ence should  serve  as  a  lesson  against  such  open  installations  in 
this  section  of  the  country. 

In  connection  with  slow  sand  plants,  it  is  necessary  to  have 
competent  help  administering  the  plant,  and  one  of  the  easiest 
ways  to  abuse  a  plant  is  to  put  it  into  the  hands  of  inexperienced 
operators. 

The  above  remark  about  labor  in  connection  with  plants  is 
especially  true  in  the  case  of  mechanical  filters  where  the  super- 
vision must  be  particularly  close  and  where  tests  for  color  and 
alkalinity  must  be  made  to  regulate  the  doses  of  chemicals  used. 
One  of  these  plants  which  has  come  under  my  observation  had 
operated  for  a  number  of  years  satisfactorily,  turning  out  a  water 
which  had  given  entire  satisfaction  in  connection  with  work  in  a 
bleachery.  When  I  was  consulted  with  regard  to  difi&culties  which 
were  occurring,  I  found  that  the  only  trouble  was  that  the  parties 
in  charge  did  not  have  an  understanding  of  the  question  of  alkar 
Unity  control  of  the  plant,  and  the  residual  alkalinity  of  the 
effluent  had  dropped  to  a  point  where  the  water  was  passing  the 
plant  at  times  in  an  acid  condition,  or  at  best  with  an  extremely 
low  alkalinity,  resulting  in  after-coagulation  in  the  vats  and 
throughout  the  system.  This  condition  had  been  caused  by  the 
fact  that  a  certain  mill  above  them  had  been  discharging  a  larger 
amount  of  acid  wastes  in  the  river  than  at  the  time  their  formula 
for  operating  was  figured  for  them.  Not  knowing  how  to  vary 
the  dose  from  time  to  time,  they  had  stuck  to  the  old  formula  with 
the  resulting  poor  work  until  corrective  measures  were  taken. 
The  addition  of  alkalinity  to  the  water  put  the  plant  back  into 
its  former  good  condition. 
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At  another  installation  concerning  which  I  had  been  consulted, 
I  found  another  condition  which  was  causing  trouble.  The 
responsible  man  in  charge  of  the  plant  for  some  reason  or  other 
was  assigned  to  night  duty,  and  he  was  attempting  to  make  his  con- 
trol tests  for  color  and  alkalinity  at  night  by  artificial  light.  This, 
of  course,  gave  far  from  accurate  results.  Another  trouble  at 
this  plant  was  that  the  one  man  was  expected  to  operate  the  flow 
of  chemicals  from  the  tanks  which  were  located  in  the  pump  house 
and  at  the  same  time  attend  to  washing  the  filters  in  a  filter  house 
which  was  located  about  one  eighth  of  a  mile  away.  This  spread- 
ing out  of  the  plant  made  it  impossible  for  the  lone  operator  to 
properly  attend  to  the  dosing,  and  the  result  was  that  the  flow  of 
chemicals  varied  from  time  to  time,  with  resulting  poor  output 
from  the  plant.  Here,  too,  I  found  trouble  in  connection  with  the 
dosing,  for  the  formula  they  were  using  to  operate  by  had  evidently 
been  recommended  without  a  knowledge  of  the  water  to  be  handled, 
and  they  too  were  operating  with  a  too  low  residual  alkar 
linity. 

At  another  plant  this  same  trouble  as  to  a  low  residual  alkar 
linity  was  found  to  exist,  and  the  output  contained  imdecomposed 
sulphate  of  alumina.  Investigation  showed  that  this  operator 
was  using  an  indicator  solution  many  times  too  strong,  and  the 
alkalinity  tests  which  he  was  obtaining  were  absolutely  inaccurate. 
They  also  were  not  showing  intelligence  with  regard  to  the  neces- 
sity of  increasing  the  doses  of  chemicals  to  meet  varying  conditions 
in  the  raw  water.  Corrective  measures,  recommended  by  the 
State  Board  of  Health,  and  instruction  of  the  operator,  has  resulted 
in  this  plant  turning  out  one  of  the  best  outputs  in  our  state  at  the 
present  time. 

At  still  another  plant  the  biggest  difficulty  discovered  when 
troubles  arose  seemed  to  be  with  the  application  of  the  chemicals, 
which  in  this  plant  required  an  extremely  close  control  on  account 
of  an  influence  on  the  color  of  the  filtered  water  as  the  residual 
alkalinity  became  too  high.  The  engineer  who  was  employed 
when  this  plant  started  was  a  man  who  had  been  for  years  pump- 
ing water  out  of  the  reservoir  under  the  old  system,  and  he  could 
not  be  made  to  realize  that  careful  supervision  was  necessary,  and 
grossly  neglected  controlling  the  flow  of  the  chemicals.    These 
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operating  troubles  immediately  ceased  when  a  new,  competent 
engineer  was  put  in  charge  of  the  plant. 

The  effect  of  an  abnonnal  amount  of  organic  matter  or  algse  in 
comparison  with  the  color  of  the  water  sometimes  has' resulted  in 
an  under  dosing  with  coagulant,  as  this  additional  amount  of 
organic  matter  has  seemed  to  prevent  proper  coagulation  with 
resulting  incomplete  removal  of  the  constituents  which  it  was 
intended  to  remove,  and  the  effluent  has  contained  alumina  and 
abnormal  amoimts  of  color  and  algse.  Proper  dosing  in  view  of 
the  above-mentioned  conditions  has  resulted  in  excellent  work 
from  this  plant. 

Another  abuse  is  oftentimes  attempting  to  operate  a  plant,  with 
every  possibility  for  good  results,  by  methods  which  some  man  of 
limited  experience  may  have  used  at  some  other  plant,  meeting 
entirely  different  conditions.  Such  cases  have  occurred  imder 
my  observation,  but  have  been  capable  of  adjustment  when 
instructions  have  been  given  which  had  in  mind  the  type  of  plant 
and  the  raw  water  to  be  handled. 

In  connection  with  the  operation  of  plants  of  the  mechanical 
type,  it  is  essential  that  the  night  man  should  be  one  who  can  be 
depended  upon  to  stay  awake,  as  a  nap  for  an  hour  or  two  may 
result  in  throwing  the  whole  operation  of  the  plant  out  of  adjust- 
ment} for  several  hours.  I  have  had  my  experience  with  this 
trouble. 

Having  thus  brought  out  the  conditions  which  call  for  filtration 
of  water  supplies  and  having  shown  the  good  results  obtained 
with  certain  installations,  I  have  also  attempted  to  point  out 
a  number  of  ways  in  which  filtration  plants  are  at  times  abused. 
One  or  more  instances  of  abuse  are  sometimes  the  only  cases  of 
filter  plants  coming  to  the  attention  of  some  people  who  imme- 
diately condemn  the  possibilities  of  the  whole  proposition  of  water 
purification  on  this  meager  knowledge. 

I  would  take  this  opportunity  to  warn  you  water-works  men 
against  such  conclusions  from  knowledge  of  some  plant  or  plants 
which  may  not  be  doing  all  that  has  been  claimed  for  them.  I 
would  also  particularly  caution  that  you  do  not  take  the  cases  of 
abuse  which  I  have  mentioned  as  indicative  of  any  lack  of  con- 
fidence on  my  part  in  the  ability  of  plants  to  purify  water  satis- 
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factorily  when  the  following  essential  points  have  been  observed: 
first,  have  the  choice  of  the  system  and  the  general  outline  and 
construction  of  the  plant  in  the  hands  of  competent  consulting 
engineers  who  are  experts  in  these  matters;  next,  having  obtained 
the  plant  properly  constructed  and  designed  to  handle  the  water 
to  be  filtered,  obtain  the  best  possible  men  to  oversee  and  run  the 
plant  aftef  instruction  from  competent  specialists,  and  if  trouble 
occurs,  call  in  advice  to  straighten  out  the  diflSculty  instead  of 
experimenting  blindly;  and  last,  throughout  the  whole  operation 
of  the  plant  bear  ki  mind  that  you  are  handling  an  efficient  machine 
capable  of  results,  and  not  an  automatic  affair  which  can  be  left 
to  its  own  resources. 

DISCUSSION. 

Mr.  Charles  W.  Saxe.*  I  have  been  troubled  quite  a  little 
with  algSB  dimng  the  summer  months.  The  principal  trouble 
has  been  from  the  stoppage  of  the  beds,  due,  I  think,  to  the  use  of 
too  little  alum,  and  I  increased  the  amount  to  remedy  that  dif- 
ficulty. Otherwise  the  results  have  been  excellent.  The  plant 
is  now  delivering  practically  sterile  water,  as  Mr.  Pratt  says.  I 
very  seldom  find  coli  in  the  raw  water,  and  I  have  never  yet  found 
it  in  the  effluent. 

The  efficiency  of  a  plant  of  the  rapid  tjrpe  most  assuredly  de- 
pends upon  the  even  running  of  the  coagulant  in  proper  propor- 
tion to  the  flow  of  raw  water.  Slap-dash  doses  of  the  coagulant  do 
not  prove  out  very  weU,  especially  with  water  containing  algae, 
de^d  or  alive.  For  uniform  bactericidal  action,  the  h5rpochlorite 
solution  must  also  be  run  at  an  absolutely  even  rate. 

Outside  of  these  necessities  and  the  correct  estimation  of  dosings, 
there  are  few  other  vital  things  for  efficiency. 

Mr.  R.  S.  Weston  t  (by  letter),  Mr.  Pratt,  in  his  capacity  of 
chemist  of  the  Rhode  Island  State  Board  of  Health,  has  had 
perhaps  a  better  opportunity  to  observe  the  operation  of  various 
sorts  and  kmds  of  water  purification  plants  than  any  other  man 
in  a  similar  position.  While  there  are  practically  no  muddy 
rivers  in  Rhode  Island,  there  are  many  polluted  ones,  besides 

*  Chemist  in  charge  of  Filtration  Plant,  Newport,  R.  I. 
t  Sanitary  expert,  Boston,  Masa. 
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sources  which  are  contaminated  with  growths  of  algse,  other 
microscopic  plants  and  animals,  and  with  the  wastes  of  the  most 
densely  populated  state  in  North  America.  That  Mr.  Pratt  has 
not  neglected  his  opportunity,  this  paper  is  an  evidence. 

It  is  well  to  emphasize  again  Mr.  Pratt's  advice  as  to  the  neces- 
sity of  designing  a  plant  to  suit  the  water  to  be  purified  and  not 
in  accordance  with  some  general  "  cure-all "  theory  which  may 
have  no  bearing  in  the  particular  case;  also  his  insistence  upon 
careful  and  responsible  operators  of  filters  and  the  anal3rtical 
control  thereof.  There  are  few  states,  however,  where  advice  is 
so  freely  and  promptly  given  as  in  Rhode  Island,  and  to  the 
writer's  knowledge  this  efficiency  has  kej^t  at  least  one  filter  plant 
from  failure, 

Mr.  Pratt  mentions  many  of  the  abuses  of  filtration  and  has 
covered  the  ground.  In  connection  with  the  removal  of  algse, 
however,  he  does  not  mention  the  use  of  intermittent  filters 
such  as  were  used  at  Springfield.  Here,  as  is  well  known,  experi- 
ments demonstrated  that  any  single  system  of  filtration  was 
inadequate  to  remove  taste  and  odor.  It  was  because  of  this 
experience  that  the  writer  thought  that  intermittent  sand  filters 
with  aeration  were  best  suited  for  the  purification  of  the  Newport 
supply,  grossly  contaminated  with  algse,  and  he  still  believes  that 
without  the  use  of  hypochlorite  the  operation  of  the  present 
mechanical  filters  would  be  impracticable,  although  with  it  they 
present  some  advantages. 

The  writer  had  one  experience  with  double  filtration  through 
sand  and  charcoal  in  1895,  at  Asbury  Park,  N.  J.  These  filters 
were  used  for  the  deferrization  of  the  water,  and  it  was  found 
that  at  times  iron  was  absorbed  by  the  charcoal  filter  and  at  times 
given  off.  The  charcoal  was  replaced  with  sand,  and  results 
were  obtained  equal  to  the  best  —  and  far  better  than  the  average 
with  charcoal.  New  charcoal,. however,  removed  more  iron  than 
new  sand. 

Most  water  purification  experts  spend  half  their  time  in  cor- 
recting the  errors  mentioned  in  this  timely  paper,  which,  if  read 
and  taken  to  heart  as  it  deserves  to  be,  will  tend  to  prevent  many 
of  the  mistakes  of  the  past  and  conserve  the  public  energy  in 
the  future. 
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Mr.  H.  W.  Clark  *^  {by  letter) .  I  have  little  comment  to  make  in 
regard  to  the  main  part  of  Mr.  Pratt's  paper.  We  all  know  at  the 
present  time  that  there  is  a  place  for  slow  filters  and  a  place  for 
rapid  filters  with  the  use  of  coagulants^  and  the  paper  brings  out 
forcibly  many  points  in  regard  to  correct  operation  of  filter  plants. 

I  think,  however,  that  he  ia  incorrect  in  his  statement  that 
it  is  "  an  abuse  to  attempt  to  purify  [by  a  slow  sand  filter  plant]  a 
water  high  in  algse  content,  which  would  result  in  clogging  of 
the  beds  and  a  general  upsetting  of  the  operating  conditions  at 
the  plant."  While  I  have  had  a  considerable  acquaintance  with 
reservoirs  in  which  enormous  growths  of  microscopical  organisms 
occur  from  time  to  time,  the  two  most  prominent  in  this  respect 
in  my  mind  are  the  Ludlow  Reservoir,  a  part  of  the  water  supply 
of  Springfield,  Mass.,  and  the  reservoir  of  the  water  supply  of 
South  Norwalk,  Conn.  Both  of  these  waters  have  been  success- 
fully and  economically  filtered  by  slow  sand  filter  plants;  that  at 
Ludlow  by  single  sand  filters,  and  that  at  South  Norwalk  by 
double  sand  filters.  Experiments  made  at  Ludlow  by  the  State 
Board  of  Health,  and  afterwards  by  the  Springfield  Water  Board, 
with  Fuller  and  Gray  as  consulting  engineers,  ten  or  more  years 
ago,  showed  clearly  that  sand  filters  were  much  more  efficient  in 
the  removal  of  organisms,  tastes,  and  odors  than  mechanical 
filters  when  handling  such  waters,  and  following  these  experiments, 
the  sand  filters  mentioned  above  were  installed  at  Springfield, 
and  about  the  same  time  the  sand  filters  were  built  at  South 
Norwalk,  Conn.  Both  plants  have  been  absolutely  efficient  and 
economical  when  filtering  two  reservoir  waters  seriously  polluted 
with  microscopical  organisms. 

Mr.  Pratt  says  also  that  it  is  "  an  abuse  of  this  method  [slow 
sand  filtration]  to  use  it  in  connection  with  a  highly  colored  water 
on  account  of  the  unsatisfactory  appearance  of  the  output." 
As  a  matter  of  fact,  this  statement  needs  some  qualification. 
Two  of  the  most  highly  colored  waters  purified  by  filtration  in 
New  England  are  the  reservoirs  just  mentioned.  At  times  in 
the  summer  months,  the  colors  of  these  reservoirs  approach  or  . 
exceed  100,  but  owing  to  the  nature  of  this  coloring  matter  and 
the  presence  of  iron  in  the  water,  more  than  80  per  cent,  of  it  is 

*  Chemist,  MaBsachusetta  State  Board  of  Health. 
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often  removed  by  single  slow  sand  filtration,  and  at  South  Nor- 
walk,  double  filtration  produces  a  practically  colorless  water. 
With  the  ordinary  highly  colored  river  or  swamp  water,  Mr. 
Pratt's  statement  is,  of  course,  much  more  true. 

Mr.  George  C.  Whipple  *  (by  letter).  The  writer  has  been  very 
much  interested  in  Mr.  Pratt's  paper.  Papers  of  this  character 
need  to  be  published  about  once  in  so  often  in  order  that  the 
importance  of  proper  operation  of  filters  may  be  kept  fresh  in  our 
minds.  One  of  the  things  that  sanitary  engineers  most  lack  is 
adequate  information  in  regard  to  the  results  obtained  hy  different 
filter  plants  under  the  special  conditions  under  which  they  operate. 
The  New  England  Water  Works  Association  has  done  a  good  work 
in  standardizing  reports  of  yarious  kinds,  and  the  writer  would  be 
glad  to  see  this  subject  taken  up  by  an  appropriate  cozomittee, 
and  studied  with  a  view  to  standardization  of  the  results  of  filter 
operation. 

One  point  mentioned  by  Mr.  Pratt  is  of  particular  interest, 
namely,  that  the  filtration  of  the  Pawtuxet  River  water  by  the 
Providence  sand  filter  removes  the  vegetable  odor  of  the  water, 
although  it  does  not  decolorize  it.  This  suggests  that  the  vege- 
table odor  may  be  due  more  to  the  suspended  and  coUodial  mat- 
ter than  to  the  organic  matter  in  solution.  If  Mr.  Pratt  could 
furnish  further  information  in  regard  to  this  matter,  it  would  be 
of  interest  to  many  of  us. 
.  Mr.  Pratt  (by  Utter) .  Taking  up  a  few  points  raised  by  Mr. 
Clark,  I  would  say  with  regard  to  his  comments  upon  my  remark  in 
connection  with  removal  of  color,  that  I  had  in  mind  handling  a 
reservoir  which  at  times  goes  up  to  180  in  true  color,  and  in  this 
case  slow  sand  filters  were  considered  for  a  time  as  a  means  of 
purification.  I  consider  that.it  would  have  been  an  abuse  of  slow 
sand  filtration  to  have  tried  it  with  this  water  or  with  waters  even 
approaching  100  in  color.  I  think  also  that  Mr.  Clark  uninten- 
tionally misleads  somewhat  in  his  mention  of  80  per  cent,  color 
removal  by  slow  'sand  filtration.  My  experience  in  removal  of 
true  color  has  been  that  30  to  40  per  cent,  is  considered  extremely 
good  for  the  method.    Of  course,  with  algae-infected  or  iron-bearing 

*Profea8or  of  Sanitary  Engineering,  Harvard  University,  and  Consulting  Engineer,  New 
York. 
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waters  having  a  high  apparent  color  in  comparison  with  the  true 
(lolor,  removals  of  apparent  color'  might  easily  give  higher 
figures. 

As  to  Mr.  Clark's  criticism  of  my  statement  in  regard  to  the 
treatment  of  algse-inf ected  waters,  I  would  say  that,  in  my  complete 
statement  on  this  matter,  I  was  careful  to  state  that  the  use  of 
mechanical  filters  for  this  purpose  should  be  in  conjunction  with 
aeration,  coagulation,  and  sedimentation,  and  with  this  S3rstem 
efficient  work  in  removal  of  color,  odor,  and  taste  can  be  accom- 
plished. Also,  I  stated  that  double  slow  sand  filtration  especially 
in  connection  with  aeration  might  be  used.  When  making  the 
statement  that  single  slow  sand  filtration  would  not  be  efficient 
I  had  in  mind  statements  to  be  found  in  the  reports  of  the  Massar 
chusetts  State  Board  of  Health  for  1901  and  1905,  in  connection 
with  the  Ludlow  Reservoir  of  the  Springfield  supply,  and  there,  if  ' 
I  am  not  mistaken,  the  position  of  that  board  as  the  result  of 
experimentation  was  very  conservative  as  to  the  ability  of  single 
slow  sand  filtration  to  handle  this  water  at  times  of  extreme  algsB 
content.  In  fact,  they  advised  against  the  use  of  this  water 
as  a  supply  even  after  filtration.  I  also  had  in  mind  accounts  of 
clogged  beds  at  South  Norwalk,  Conn.,  which  had  come  to  my 
attention.  If  Mr.  Clark  has  now  been  successful  in  accomplishing 
good  work  at  South  Norwalk  it  bears  out  my  statement  that  double 
slow  sand  filtration  might  be- efficient  in  the  case  of  '' algse  " 
waters,  and  if  the  Ludlow  Reservoir  water  has  been  efficiently 
handled  by  single  slow  sand  filters,  I  think  that  with  waters  of 
that  type  such  a  case  would  be  the  exception  rather  than  the  rule. 

With  r^ard  to  the  point  raised  by  Mr.  Whipple  as  to  the  re- 
moval of  vegetable  odors  by  the  Providence  filters,  I  would  say 
that  while  these  odors  are  reduced  very  perceptibly,  the  filtered 
water  still  has  a  distinct  vegetable  odor  practically  all  the  time. 
I  think  the  point  raised  by  Mr.  Whipple  that  the  reduction  is 
possibly  due  to  removal  of  suspended  and  colloidal  matters  may, 
in  part,  account  for  the  reduction,  although  I  think  that  some  of 
the  improvement  is  due  to  the  reduction  in  the  organic  matter 
in  solution,  which  is  materially  reduced  by  the  filters  as  shown  by 
albuminoid  ammonia  tests  and  oxygen  consumed  determinations, 
as  well  as  by  the  color  removal  of  30.8  per  cent. 
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CONSTRUCTION  OF  ARCHED  MASONRY  DAM  AT  LAS 

VEGAS,  NEW  MEXICO. 

BT  WILLIAM  T.   BARNES,   CHICAGO  REPRESENTATIVE  OF 
METCALF  AND  EDDT,  CONSULTING  ENGINEERS. 

[lUad  Deesmber  lit  191».] 

Las  Vegas,  the  second  largest  city  in  our  newly  adopted  state 
of  New  Mexico,  is  situated  in  the  northeastern  part  of  the  state 
along  the  foothills  of  the  Rocky  Mountains;  on  the  Pecos-Arroya 
and  Gallinas  rivers,  at  an  elevation  of  about  6  500  ft.  above  sea 
level. 

The  census  of  1910  showed  a  population  of  7  300  as  against 
6  320  in  1900.  The  future  population,  dependent  on  conditions 
other  than  local  ones,  is  difficult  to  forecast. 

The  main  line  of  the  Atchison,  Topeka  &  Sante  F6  Railroad 
passes  through  the  eastern  portion  of  the  city  and  makes  Las 
Vegas  one  of  its  principal  division  points.  It  is  therefore  an 
important  railroad  center,  distributing  supplies  to  a  large  tribu- 
tary area,  shipping  in  turn  the  products  of  a  large  rural  district. 

The  agricultural  interests  are  important,  and  with  the  inaugura- 
tion of  large  irrigation  projects  which  have  already  been  under- 
taken by  private  enterprise,  rapid  progress  should  be  made  in 
the  development  of  the  natural  resources  of  this  community. 
It  is  anticipated  that  large  beet  sugar  industries  and  other  in- 
dustrial enterprises  will  follow  the  introduction  of  irrigation  works. 
It  will  not  be  surprising,  therefore,  if  the  next  decade  shows  a 
more  rapid  increase  in  the  population  of  this  city  than  did  the 
last. 

Las  Vegas  has  already  adopted  many  modem  ideas  of  city 
planning.  In  the  newer  part  of  the  city  the  houses  are  built 
upon  substantial  lines,  well  set  back  from  the  street  on  large  lots, 
siuTounded  by  handsome  and  well-kept  lawns  dotted  here  and 
there  with  rapid-growing  trees. 
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Although  the  finances  of  the  city  have  not  as  yet  permitted  of 
building  modem  pavements  to  any  considerable  extent,  the  entire 
city  is  well  provided  with  modem  granolithic  sidewalks  separated 
from  the  curb  by  wide  areas  of  sod,  in  which  are  planted  quick- 
growing  shade  trees,  thus  presenting  a  very  attractive  and  enter- 
prising appearance. 

Water  Supply. 

Water  is  supplied  to  the  community  by  the  Agua  Pura  Company. 
The  source  of  the  supply  is  the  Gallinas  River  at  a  point  about  nine 
miles  north  of  the  city,  in  the  narrow  confines  of  the  Gallinas 
Caiion.  The  Agua  Pura  Company  is  also  a  dealer  in  ice,  which 
it  furnishes  not  only  to  the  local  community,  but  also  to  the 
Atchison,  Topeka  &  Santa  F6  Railroad,  the  needs  of  which  it 
supplies  for  several  hundred  miles  in  either  direction  from  Las 
Vegas.  It  has  built  nine  dams  in  the  bed  of  the  Gallinas  River 
for  the  purpose  of  ice  production.  In  one  of  the  reservoirs  thus 
produced,  known  as  No.  8  reservoir,  is  located  the  water-works 
intake.  From  this  intake  the  water  flows  through  an  open  canal 
along  the  borders  of  the  reservoir,  for  a  distance  of  one-half  mile, 
where  it  enters  a  small  settling  basin,  where  racks'  and  screens 
protect  the  inlet  to  the  main  supply  pipe.  From  this  point,  which 
is  at  an  elevation  of  410  ft.  above  the  general  city  level,  the  water 
flows  5.1  miles  through  a  12-in.  pipe  to  a  distributing  reservoir 
two  miles  north  of  the  city  and  at  an  elevation  of  approximately 
281  ft.  above  the  city  level.  From  this  reservoir  the  water  is 
distributed  to  the  pipe  system  of  the  city  by  two  circuits,  thus 
insuring  the  city  ample  pressure,  and  safety  in  case  of  need  of 
repairs  to  either  of  these  pipe  lines. 

Dbainage  Abea. 

The  drainage  area  tributary  to  the  intake  is  about  90  sq.  miles, 
as  determined  from  the  topographical  maps  of  the  United  States 
Geological  Survey. 

Records  of  Rainfall. 

With  exceptions  during  the  years  1890  and  1891  only,  the  govem- 
ment  record  of  monthly  and  yearly  precipitation  in  the  city  of 
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Las  Vegas  is  continuous  since  the  year  1889,  as  recorded  in  Table 
1.  From  these  records  it  appears  that  the  average  yearly  rainfall 
is  about  18^  in.,  the  maximum  being  24^  in.,  the  minimum  slightly 
less  than  10  in.  The  bulk  of  the  precipitation  occurs  during  the 
so-called  "  rainy  season,"  which  includes  the  months  of  July  and 
August,  and  sometimes  parts  of  June  and  September. 

Records  of  precipitation  were  kept  at  the  Las  Vegas  Hot  Spring 
from  June,  1898,  to  July  1903,  but  the  omissions  in  the  records 
are  so  frequent  as  to  prevent  their  satisfactory  use. 

At  the  Gallinas  Planting  Station  in  the  Gallinas  valley,  a  few 
miles  above  the  water-works  intake,  the  records  have  been  sjrstem- 
atically  preserved  since  January,  1908,  as  recorded  in  Table  2, 
while  at  Harvey's  Upper  Ranch  near  the  headwaters  of  the 
Gallinas  River  the  records,  with  exception  of  one  month,  have 
been  kept  with  regularity  since  January  1,  1910,  and  are  recorded 
in  Table  3. 

The  short  periods  during  which  the  records  have  been  main- 
tained prevents  the  orawing  of  accurate  conclusions,  but  are 
sufficient  to  show  that  the  amounts  of  precipitation  increase  with 
the  elevation,  especially  during  the  winter  and  spring  months. 

This  increased  precipitation  is  mainly  in  the  form  of  snow, 
which  melts  gradually  during  the  spring  months,  the  run-off 
accordingly  tends  to  be  more  evenly  distributed  during  the  spring 
and  early  summer. 

Yield  and  Its  Variation. 

The  United  States  Geological  Survey  has  maintained  a  gaging 
station  on  the  Gallinas  River  at  the  Las  Vegas  Hot  Springs  about 
7  miles  above  the  city  of  Las  Vegas  and  about  2  miles  below  the 
intake  of  the  water  works,  since  August,  1903,  and  these  records 
are  available  to  and  including  the  year  1910« 

The  records  for  the  year  1904  show  that,  prior  to  the  storm  and 
flood  September  29  to  October  1,  there  was  practically  no  flow  in 
the  stream,  and  after  the  flood  subsided  there  was  but  a  slight 
flow. 

In  Table  4  are  recorded  the  minimum  and  mean  rates  of  flow 
in  million  gallons  per  day  for  each  month,  and  by  years  from  1905 
to  1910  inclusive.    From  this  table  it  appears  that  there  have 
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been  a  number  of  occasions  when  the  flow  at  this  point  would 
have  been  insufficient  to  materially  augment  the  water  supply. 
In  fact,  the  records  of  the  years  1904  and  1910  clearly  indicate 
that  additional  storage  was  absolutely  necessary  in  order  to  secure 
a  permanent  water  supply. 

Water  Consumption. 

No  facilities  exist  for  accurately  determining  the  amount  of 
water  consumed,  as  the  supply  is  wholly  by  gravity  without  meters 
on  the  main  supply  lines.  From  such  records  as  have  been  ob- 
tained from  time  to  time  of  the  flow  in  the  open  canal,  it  is  believed 
that  the  maximum  rate  of  consumption  is  considerably  in  excess 
of  2  000  000  gal.  per  day,  and  that  the  average  daily  consumption 
is  in  the  neighborhood  of  1  500  000  gal.  per  day.  During  the 
season  when  large  volumes  axe  used  in  ''  irrigating  "  the  lawns  and 
gardens,  the  daily  consumption  is  probably  about  1  750  000  gal. 

Quality  of  Water. 

Draining  a  rocky  mountainous  region,  flowing  through  long 
and  narrow  gorges,  with  precipitous  -  bluffs  on  either  side,  the 
Gallinas  River  naturally  supplies  very  clear  and  pure  water.  In 
times  of  freshet,  however,  the  water  finds  its  way  to  the  stream 
with  such  rapidity  that  large  volumes  of  gravel,  clay,  and  alluvium 
are  carried  in  suspension.  These  freshet  conditions  are,  however, 
confined  in  the  main  to  one  or  two  periods  of  time,  of  two  to  three 
weeks  each,  during  the  *'  rainy  season." 

Available  Means  of  Safeguarding  the  Supply. 

In  order  to  improve  the  quality  of  the  water  supply,  two  practi- 
cable methods  were  considered,  —  filtration  and  storage. 

filtration. 

Filtration  offered  some  advantages  over  simple  storage  of  water. 
Such  a  plant  could  be  located  within  easier  reach  of  the  city, 
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might  reduce  the  hazard  of  pollution,  the  suspended  matter  in  the 
water  at  certain  seasons,  the  possibility  of  taste  and  odor  from 
algs  or  other  forms  of  growth,  and  might  effect  a  saving  in 
initial  expenditure. 

On  the  other  hand,  the  filter  plant  had  the  disadvantage  of  not 
providmg  additional  storage  to  supplement  the  minimum  stream 
flow,  a  matter  of  increasing  importance  as  the  population  and 
demand  for  water  grows,  and  unfortunately  involved  far  greater 
cost  of  operation  and  maintenance  than  did  the  project  for  a 
storage  reservoir.  , 

STORAQE. 

Two  sites  for  a  storage  reservoir  were  available  in  small  lateral 
cafLons  tributary  to  the  Gallinas  River,  one  at  a  point  abreast  of 
Placita  Llano,  the  other  in  a  cafLon  or  valley  near  the  ''  Hot 
Springs,"  owned  by  the  Cafion  Lime  Company.  • 

Although  the  first  location  offered  a  good  dam  site,  the  com- 
paratively steep  slope  of  the  cafion  prevented  the  development  of 
ample  storage  except  at  great  expense. 

The  valley  belonging  to  the  Cafion  Lime  Company  was  ad- 
mirably suited  for  a  reservoir.  Its  mouth,  a  cafion  through  a 
quartzite  ridge,  nmning  in  a  generally  northerly  and  southerly 
direction,  formed  a  natural  site  for  a  dam.  The  slope  of  the  bed 
of  the  valley  was  sufficiently  flat  so  that  the  basin  formed  by  the 
dam  was  well  adapted  to  a  storage  reservoir,  and  of  much 
importance  was  the  fact  that  this  valley  had  no  stream  running 
through  it  except  that  created  during  the  rainy  season,  by  the 
rain  falling  within  a  very  small  watershed. 

The  drainage  area  was  small,  only  3.0  sq.  miles.  Therefore 
the  run-off  from  it  was  practically  insignificant,  thus  making 
it  possible  to  collect  and  divert  the  storm  fiows  upon  it  in  a  channel 
built  around  the  edge  of  a  reservoir,  dischargmg  them  below  the 
site  of  the  dam  and  preventing  the  fouling  of  the  clear  water 
stored  in  the  reservoir.  This  reservoir  could  be  filled  by  means  of 
a  small  canal  or  ditch,  having  an  approximate  capacity  of  10.0  cu. 
ft.  per  sec,  which  would  carry  the  water  diverted  during  periods 
when  the  waters  are  clear,  thus  making  available  at  all  times  a 
clear  water  as  well  as  affording  ample  storage  capacity. 
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Storage  Reservoir  Adopted. 

In  view  of  these  advantages,  the  storage  reservoir  was  adopted 
in  preference  to  the  filtration  plant,  and  the  dam  was  built  at  the 
mouth  of  the  Cafion  Lime  Company's  cafion. 

Design  of  Dam. 

In  designing  the  dam,  three  types  were  considered, : —  a  straight 
gravity  section;  the  hollow  reinforced  dam  of  the  Ambursen  type; 
and  the  arched  masonry  tyx>e. 

The  outcrop  of  ledge  on  either  side  of  the  cafion,  at  the  site 
selected  for  the  dam,  indicated  that  a  very  firm  and  solid  founda- 
tion could  be  secured,  as  proved  to  be  the  case. 

As  a  storage  capacity  of  60  000  000  gal.  would  serve  the  im- 
mediate needs  of  the  water  company  and  would  probably  be 
sufficient  for  a  number  of  years  to  come,  whereas  ultimately  a 
much  larger  storage  would  be  required,  it  was  desirable  to  decide 
upon  a  t3rpe  of  dam  which  could  be  built  to  such  a  height  as  to 
give  this  storage  at  the  present  time,  with  the  provision  that 
at  some  future  time,  the  height  of  the  dam  could  be  increased 
sufficiently  to  give  the  additional  amount  of  storage  then  required. 
A  50-ft.  dam  was  sufficient  to  a£ford  68  000  000  gal.  storage,  while 
the  site  is  such  as  to  allow  the  construction  of  a  dam  95  ft.  in 
height,  which  would  retain  some  425  000  000  gal. 

In  order  to  provide  for  the  ultimate  increajse  in  the  height  of 
the  dam,  it  would  have  been  necessary,  had  the  Ambursen  type 
been  selected,  to  build  the  entire  low  level  dam  on  the  lines  of  the 
high  level  structure,  whereas  it  was  possible  to  design  a  solid 
concrete  arched  structure  on  lines  suitable  for  the  lower  dam  with 
the  provision  that  ultimately  this  dam  could  be  incorporated  into 
and  made  part  of  a  higher  structure  without  increased  pres^it 
expenditure.  Accordingly  it  was  decided  to  construct  a  solid 
unreinforced  concrete  arched  dam  with  a  radius  of  250  ft.  and  50 
ft.  above  the  bed  of  the  stream.    See  Figs.  14  and  15. 

A  comparison  of  the  section  of  this  dam  with  the  sections  of 
other  similar  structures  appears  in  Table  5. 

For  further  details  upon  the  design  of  this  structure  reference 
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can  be  had  to  a  paper  by  Charles  W.  Shemum,  ia  Eiminearing 
News  of  October  27,  1910. 
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CoNSTRDCnON. 

Contract  for  the  construction  of  the  dam  was  awarded  on 
September  21,  1910,  to  Mauretz  M.  Sundt,  a  local  contractor, 
carpenter,  and  builder,  equipped  with  a  plant  sufficient  for  this 
undertaking,  though  his  experience  had  been  confined  largely  to 
the  construction  of  buildings,  foundations,  and  sidewalks. 
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LABOR. 

The  labor  employed  upon  the  work  was  ahnost  entirely  Mexican, 
drawn  from  the  immediate  neighborhood,  and  was  paid  at  the 
rate  of  $1.50  per  day  of  ten  hours. 

EXCAVATION. 

Work  was  begun,  September  28,  1910,  by  strippuig  the  earth 
from  practically  the  entire  site  of  the  dam.  The  earth  was  thrown 
out  upon  the  downstream  side  of  the  excavation,  and  the  rock 
on  the  upstream  side  and  rolled  down  the  hiU  to  the  valley, 
where  it  was  picked  up  and  hauled  to  the  crusher.  About  one 
fourth  of  the  entire  excavation  (or,  more  particularly,  245  cu.  yd.) 
was  classified  as  earth  excavation  and  was  paid  for  at  the  contract 
price  of  80  cents  per  cu.  yd. 

The  rock  excavation  consisted  of  a  fine,  close-grained  quartzite, 
lying  below  the  surface  at  depths  varying  from  a  few  inches  to 
6  ft.,  as  shown  in  the  accompanying  photograph,  Plate  XVI, 
which  also  shows  the  ledge  inclined  or  dipping  to  the  west,  or 
toward  the  reservoir,  with  an  inclination  of  about  60  degrees  with 
the  horizontal. 

In  order  to  avoid  the  excavation  of  the  ledge  below  the  dam 
within  the  bed  of  the  stream  when  it  may  prove  desirable  to  raise 
the  dam  to  a  higher  level,  the  ledge  found  in  the  river  bed  was 
excavated  to  an  average  depth  of  6  ft.  for  the  entire  width  neces- 
sary for  the  ultimate  95.ft.  dam,  said  excavation  being  carried 
well  into  the  side  walls  of  the  cafion  and  filled  with  concrete  as 
shown  in  Plate  XVI. 

Concrete. 

The  concrete  plant  consisted  of  a  Chicago  Improved  Cube 
Mixer,  of  J-cu.  yd.  capacity.  The  stone  was  crushed  at  the  site 
of  the  work  by  means  of  a  small  portable  crusher. 

ARRANGEMENT  OF  PLANT. 

At  the  beginning  of  the  work,  in  order  to  utilize  the  rock  which 
was  excavated  from  the  site  of  the  dam,  the  crusher  was  located 
about  100  ft.  west  of  the  face  of  the  dam,  within  the  reservoir  site. 


Plate  XVI. 


Excavation  for  Foundationb  at  Southeasterly  End  of  IIaml. 
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while  the  mixer  was  placed  between  the  crusher  and  the  site  of  the 
dam,  the  crushed  stone  being  piled  in  close  proximity  to  the  mixer. 
This  location  proved  to  be  extremely  convenient  for  the  &st 
three  weeks,  or  until  a  height  was  reached  that  made  the  incline 
of  the  runway  too  steep  for  the  wheelbarrows. 

CRUSHED   STONE. 

In  order  to  provide  sufficient  stone  for  the  crusher,  a  quarry 
was  selected  within  the  reservoir  basin,  on  the  south  side  of  the 
cafion  and  about  100  ft.  westerly  of  the  site  of  the  dam.  When 
the  stone  from  the  excavation  was  exhausted,  the  crusher  was 
moved  back,  and  the  rock,  as  excavated  from  the  quarry,  was 
rolled  down  the  hill,  broken  by  means  of  large  hammers,  and  fed 
to  the  crusher  in  its  new  location.  At  the  same  time  (December  6) 
the  mixing  plant  was  aUo  moved  further  from  the  dam,  this 
position  being  adopted  in  order  to  make  possible  the  erection  of  a 
runway  for  the  wheelbarrows  which  would  be  sufficiently  flat  to 
permit  of  easy  wheeling,  even  after  the  dam  was  well  advanced. 

By  December  30,  after  three  weeks'  service  in  the  second  loca- 
tion, the  runway  again  became  too  steep,  and  it  became  necessary 
to  select  a  third  location  for  the  mixing  plant. 

As  the  quarry  selected  had  developed  a  very  inferior  grade  of 
stone,  and  as  good  material  was  difficult  of  access,  the  contractor 
decided,  at  the  engineer's  suggestion,  to  locate  his  plant  on  the 
opposite  side  of  the  valley,  on  top  of  the  hill  in  line  with  the  dam 
and  near  the  newly  constructed  roadway  over  which  it  was  neces- 
sary for  all  the  sand  to  be  carted. 

By  adopting  this  location,  it  was  possible  to  save  the  expense  of 
wheeling  partly  filled  wheelbarrows  of  concrete  up  a  long  and 
tedious  incline,  and  the  operations  of  crushing  and  mixing  were 
reduced  to  a  minimum  of  labor  and  of  effort.  The  expense  of 
hauling  the  sand  completely  over  the  hill  and  down  into  the  valley 
was  also  partly  eliminated,  as  the  teams  could,  in  this  new  location, 
diunp  their  load  on  top  of  the  hill,  thus  making  nearly  twice  as 
many  trips  as  was  possible  in  the  second  location. 

Accordingly,  the  plant  was  moved  during  the  first  week  in 
January  to  its  third  position,  on  the  top  of  the  hill,  as  shown  in 
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Plate  XVII.  A  terrace  was  constructed  on  the  side  of  the 
hill,  on  which  the  mixing  platform  was  built,  of  such  a  size  and 
at  such  an  elevation  below  the  level  of  the  roadway  in  which  the 
crusher  was  placed  as  to  provide  ample  storage  for  fully  a  day's 
supply  of  crushed  stone.  The  mixer  was  located  at  a  lower  level 
so  that  the  mixing  platform  was  level  with  the  top  of  the  feeding 
hopper.  The  quarry  was  established  on  the  top  of  the  hill,  where 
there  was  found  an  ample  supply  of  very  satisfactory  stone.  As 
the  stone  thus  quarried  was  within  easy  reach  of  the  crusher,  the 
handling  of  materials  was  reduced  to  a  minimum  from  the  time 
the  stone  was  quarried  until  it  was  dumped  from  the  mixer  directly 
into  a  long  chute  which  led  directly  from  the  mixer  to  a  distributing 
box  just  above  the  wheeling  platform,  constructed  on  the  top  of  the 
forms. 

The  loading  of  concrete  into  wheelbarrows  was  controlled  by  a 
shear  gate  in  this  distributing  box  by  njeans  of  which  each  batch 
of  concrete  was  disposed  of  as  rapidly  as  it  was  mixed,  while 
separate  runways  for  the  loaded  and  empty  wheelbarrows  made  it 
possible  to  distribute  the  concrete  with  a  minimum  of  labor. 

By  this  arrangement  about  twice  as  much  concrete  was  mixed 
and  placed  ner  day  as  the  same  force  of  men  had  been  able  to  do 
during  the  latter  part  of  the  time  when  the  mixing  plant  was  in 
its  second  position. 

RELATIVE  OUTPUT  DURING  DIFFERENT  PERIODS. 

In  order  to  determine  the  relative  amounts  of  labor  employed  in 
the  several  subdivisions  of  the  work  during  each  of  the  three 
periods  of  construction,  a  mass  diagram  has  been  prepared,  as 
shown  in  Fig.  16.  The  three  periods  above  referred  to  are  deter- 
mined by  the  location  of  the  plant,  namely,  first  period,  with 
mixing  machinery  near  the  site  of  the  dam;  second,  with  machin- 
ery, including  the  crusher,  in  the  valley  at  some  distance  from  the 
dam,  and  third^  with  entire  outfit  on  top  of  the  hill  in  line  with 
the  dam. 

The  maSvS  diagram  was  constructed  with  accumulated  volumes 
of  concrete  in  cubic  yards,  as  abscissae,  and  the  accumulated 
amount  of  labor  expended,  as  ordinates.     The  records  of  labor 
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employed  in  the  following  subdivisions  of  the  work,  namely, 
quarrying,  crushing  stone,  concrete  mixing  and  placing,  and 
stagings  and  forms,  have  been  plotted  in  terms  of  the  corresponding 
amounts  of  concrete  placed.  These  points  have  been  connected, 
forming  an  irregular  line,  while  the  average  condition  for  each 
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period,  for  each  subdivision  of  work,  has  been  shown  by  a  straight 
line  of  heavy  weight.  These  data  are  expressed  in  tabular  form, 
Table  6. 

QUARRYING. 

The  quarry  was  well  advanced  when  concreting  began,  230 
days  of  labor  having  been  performed,  while  all  of  the  stone  quarried 
was  consumed  by  December  31,  at  which  time  1  582  cu.  yd.  of 
concrete  had  been  placed,  with  a  total  expenditure  of  424  days  of 
labor*  in  quarrying.  The  amount  of  concrete  laid  per  laborer 
employed  in  the  quarry  is  indicated  by  the  slope  of  the  line  drawn 
from  the  origin  to  the  point  whose  coordinates  are  1  582;  424.  In 
other  words,  3.73  cu.  yd.  of  concrete  were  laid  during  this  period 
per  day's  labor  employed  in  the  quarry.     Similarly,  we  find  that 


372 


CONBTRUCnON  OF  ARCHED  MASONBT  DAM. 


3.14  cu.  yd.  of  concrete  were  laid  after  January  1  for  each  day  of 
labor  employed  in  the  new  quarry  upon  the  top  of  the  hill. 

STONE   CBUSHING* 

In  the  same  manner  we  find  that  during  the  first  period  of 
construction  2.60  cu.  yd.  of  concrete  were  laid  for  each  day  of 
labor  employed  in  crushing  stone,  whereas  during  the  second 
period  only  2.28  cu.  yd.  of  concrete  were  laid  per  day  of  labor, 
while  during  the  third  period,  3.5  cu.  yd.  of  concrete  were  laid 
per  day  of  labor  in  crushing  stone. 


TABLE  6. 

Construction  of  Arched  Concrete  Dam  for  the  Aqua  Pura  Compant 

AT  Las  Veoas,  N.  M.    1910-1911. 

Yardage  of  Concrete  placed  per  Laborer-day  expended  in  the  Several  Sub- 
divisions of  the  Work  durina  the  Three  Periods  of  Construction^  determined 
by  the  Relative  Positions  of  the  Mixing  and  Crushing  Plants  to  the -Dam, 


■ 

Fint  Period. 

Second  Period. 

Third  Period. 

SubdivUion  of  Work. 

M&chinee  in  the  Valley. 

Machines  on 

Top  of  Hill  in 

Line  with  Dam. 

Near  Dam.      ISf/  from  Dam. 

Quarry   

3.7.^ 

3.14 

Crusher 

2.60 
2.52 
20.8 

2.28 
2.10 
11.0 

3.50 

Concrete  mixing  and  placing 

^  tftlPPffs  M^H  fnniifl 

3.02 
6.33 

CONCRETE   MIXING  AND   PLACING. 

Similarly,  during  the  first  period  2.52  cu.  yd.  of  concrete  were 
laid  for  each  day  of  labor  employed  in  mixing  and  placing,  while 
during  the  second  period  only  2.10  cu.  yd.  were  laid,  and  during  the 
third  period  3.02  cu.  yd.  were  laid  per  day  of  labor  employed  in 
mixing  and  placing. 

STAGINGS  AND  FORMS. 

In  connection  with  the  construction  of  stagings  and  forms, 
we  find  that  for  each  day's  labor  employed  during  the  first  period 
20.8  cu.  yd.  were  laid,  while  during  the  second  period  but  11.0 
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cu.  yd.  were  laid,  and  that. during  the  third  period,  only  .6.33  eu. 
yd.  were  laid  for  each  day  of  labor  employed  in  building  stagings 
and  forms. 

QUARRY.  —  RATE  OP  PROQREfeS. 

That  the  quarryipg  cost  more  during  the  third  period  than  during 
the  first  two  periods  is  undoubtedly  due  to  the  fact  that  the  carpen- 
ters were  unable  to  provide  forms  during  the  third  period  sufficient 
to  furnish  the  mixing  and  placing  crew  with  a  full  day's  employ- 
ment. Consequently,  almost  every  day  the  labor  from  this  crew 
were  turned  into  the  quarry,  which  resulted  in  disorganizing  the 
regular  quarry  crew,  so  that  the  increase  in  output  was  not  pro- 
portionate to  the  increase  in  labor  employed.  Had  it  not  been 
for  tjiis  disorganizing  effect,  or  had  good  foremanship  been  main- 
tained in  the  quarry,  it  is  probable  that  the  quanying  during  the 
third  period  would  have  been  at  about  the  same  rate  as  during 
the  first  two  periods,  or  possibly  slightly  better. 

CRUSHED  STONE. — RATE  OF  PROGRESS. 

That  more  yardage  were  placed  per  laborer  employed  in  crush- 
ing during  the  first  period  than  during  the  second,  is  due  to  thfe  use 
of  the  rock  f oimd  in  th6  excavation  for  the  dam,  which  was  readily 
delivered  to  the  crusher.  The  position  of  the  crushed  stone  plat- 
form in  the  third  period,  some  ten  feet  lower  than  the  base  of  the 
crushing  plant,  thus  avoiding  the  congestion  of  the  crushed  stone 
around  the  crusher,  together  with  the  fact  that  the  stone  was 
utilized  about  as  fast  as  it  was  crushed,  as  well  as  the  fact  that  the 
raw  material  was  piled  conveniently  close  to  the  crusher,  is  suf- 
ficient reason  to  explain  the  great  difference  in  results  during  the 
third  period. 

CONCRETE.  —  RATE  OF  PROGRESS. 

The  slopes  of  the  lines  on  the  diagram.  Fig.  16,  representing  the 
mixing  and  placing  of  concrete,  vary  in  the  different  periods  about 
aa  might  be  expected,  except  that  during  the  first  period,  with  the 
machinery  placed  at  the  edge  of  the  excavation  and  some  distance 
above  the  bottom  thereof,  the  concrete  should  have  been  made  and 
placed  under  such  conditions  with  far  less  labor  than  would  be 
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required  after  the  machinery  was  moved  some  160  ft.  from  the 
edge  of  the  excavation  in  a  position  which  required  not  only 
longer  wheeling  circuits  but  during  most  of  the  time  the  wheeling 
of  loaded  wheelbarrows  upgrade,  whereas  in  the  first  position 
the  bulk  of  the  loads  were  wheeled  downgrade  and  upon  very  short 
circuits. 

It  is  probable  that  the  diiference  is  due  to  the  fact  that  during 
this  first  period  a  great  deal  of  time  was  lost  on  account  of  leaking 
flues  in  the  old  boiler  which  supplied  the  steam  for  the  concrete 
mixer,  thus  resulting  in  the  entire  crew  remaining  idle  while  the 
engineer  cleaned,  or  rolled,  his  flues.  It  is  estimated  that  had  the 
new  boiler,  which  was  used  during  the  second  period,  been  made 
use  of  from  the  beginning  of  the  work,  the  concrete  might  have 
been  placed  during  the  first  period  at  the  rate  of  3.5  yd.  per  day  of 
labor  employed. 

Although  the  curve  showing  the  actual  conditions  during  the 
second  period  as  plotted  is  not  far  different  from  the  straight 
lines  showing  the  average  conditions,  it  is  to  be  noticed  that  the 
slope  of  the  line  showing  actual  conditions  at  the  end  of  the  second 
period  is  much  steeper  than  the  average,  and  it  is  believed  that 
had  the  work  continued  for  another  week  with  the  machinery  in 
the  second  position,  the  slope  would  have  represented  the  placing 
of  not  more  than  one  yard  of  concrete  per  day  of  labor  employed, 
whereas  by  moving  to  the  top  of  the  hill  it  was  possible  to  mix  at 
the  rate  of  three  yards  per  day  of  labor  employed. 

The  reasons  for  this  improvement  have  already  been  alluded  to, 
and  may  be  enmnerated  as  follows:  First,  the  relation  of  the 
operating  platform,  mixer,  chutes,  and  wheeling  platform  were 
such  as  to  enable  each  set  of  men  to  perform  their  respective  tasks 
without  interference,  and  with  a  mimmum  of  labor.  Second, 
with  the  operating  platform  located  above  the  mixing  hopper  the 
engine  was  no  longer  called  upon  to  raise  the  "  feeding  pan  "  in 
order  to  charge  the  mixer,  thus  saving  both  time  and  steam,  as  the 
hoppfer,  which  was  loaded  while  the  previous  batch  was  being 
mixed,  could  be  discharged  directly  into  the  mixer  immediately 
following  the  dumping  of  the  previous  mix.  Third,  the  wheel- 
barrow crew  could  remove  and  place  the  concrete  as  fast  as  it 
was  mixed,  and  there  was  always  an  ample  supply  of  crushed  stone 
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aad  sand  in  close  proximity  to  the  mixing  hopper,  and  the  water 
was  rapidly  supplied  through  a  large  valve  from  a  barrel  supported 
over  the  mixer,  so  that  the  whole  operation  was  one  that  created 
interest  among  the  workers  to  the  extent  that  each  appeared  to 
desire  to  have  his  part  of  the  process  ready  without  causing  delay 
to  the  operation. 

The  average  output  during  this  third  period  was  at  the  rate  of 
36  one-bag,  or  0.2  cu.  yd.,  batches  per  hour,  while  the  maximxmi 
day's  output  was  at  the  rate  of  47  batches  per  hour,  which  rate 
was  continued  for  seven  hours,  and  the  minimum  rate  was  26 
batches  per  hour. 

FORMS. 

It  is  to  be  noticed  that  although  there  was  practically  no  carpen- 
ter work  during  the  first  half  of  the  first  period,  except  for  the 
construction  of  runways,  there  was  nearly  as  n^uch  labor  employed 
per  yard  of  concrete  during  the  first  part  of  this  period  as  was 
employed  during  the  later  portion.  This  is  due  in  great  measure 
to  the  same  cause  as  has  already  been  referred  to  in  connection 
with  the  making  of  concrete,  namely,  an  insufficient  and  worn-out 
boiler  gave  the  crew  frequent  opportunities  to  remain  idle. 

That  more  labor  was  required  during  the  third  period  than  during 
the  second  is  due  to  the  fact  that  all  of  the  concrete  was  delivered 
to  the  wheeUng  crew  at  the  bottom  of  the  incline  chute  at  the 
north  end  of  the  dam,  and  as  the  wheeling  platforms  were  sup- 
ported upon  the  top  of  the  forms  it  was  impossible  to  construct 
new  forms  at  the  north  end  of  the  dam  while  the  concrete  was  being 
delivered  to  the  dam.  Accordingly,  the  concrete  mixing  was 
stopped  for  a  day  while  the  carpenters  erected  the  forms  at  the 
north  end  of  the  dam.  While  this  section  was  being  filled  the 
carpenters  then  prepared  the  adjoining  section  of  forms,  and  while 
this  was  being  filled  they  erected  the  third  set  of  forms,  and  simi- 
larly with  the  fourth  section,  so  that  the  fifth  day  the  mixing  crew 
was  laid  off  and  the  carpenters  rushed  upon  the  erection  of  the 
northerly  set  of  forms  for  the  next  zone,  erecting  this  in  one  day,  in 
order  not  to  delay  the  miTong  more  than  one  day. 

The  result  was  that  a  large  number  of  inexperienced  men  were 
assigned  to  assist  the  carpenter  in  the  construction  of  these  forms, 
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and  especially  so  on  the  day  while  the  mixer  was  shut  down,  as 
shown  by  the  vertical  lines  in  the  diagram  which  gives  a  '^  saw- 
tooth ''  effect  to  the  line  representing  the  actual  conditions.  It 
is  to  be  noted  that  were  it  not  for  the  influx  of  labor  on  these 
special  days  the  "  saw-tooth  "  effect  would  have  been  less  marked 
and  the  slope  of  this  line  would  have  been  substantially  parallel 
to  the  slope  of  the  average  line  during  the  second  period,  thus 
indicating  that  the  excess  cost  of  stagings  and  forms  during  the 
third  period  was  due  in  great  measure  to  the  superabundance  of 
labor  on  the  days  mentioned. 

Unit  Costs. 

Daily  cost  accoimts  were  kept  by  the  engineer,  under  the  head- 
ings of  '*  Excavation  "  and  "  Concrete,"  the  latter  being  subdivided 
as  follows:  Quarry,  Crushed  Stone,  Sand,  Cement,  Mixing, 
Heating,  Wheeling,  Placing,  Placing  Cyclopean  Masonry,  Water 
Supply,  and  Stagings  and  Forms. 

For  each  of  the  foregoing  subdivisions,  separate  records  were 
kept  under  the  following  headings:  "  Labor  and  Teams,"  "  Super- 
intendent, Foreman,  and  Blacksmith,"  ''  Materials  and  Supplies," 
and  "  Tools,  Equipment,  and  Repairs." 

In  order  to  make  the  records  as  complete  and  accurate  as  pos- 
sible, arrangements  were  made  with  the  contractor  whereby  he 
gave  the  engineer  access  to  his  time-book  and  furnished  monthly 
statements  of  amounts  and  costs  of  materials  furnished  and  of 
expense  involved  m  repairs,  etc.,  the  items  of  which  were  distrib- 
uted according  to  the  engineer's  discretion. 

It  is  believed  that  the  tabulated  costs  submitted  herewith  in 
Tables  7  and  8  represent  very  closely  the  actual  unit  costs  upon 
this  work.  In  Table  9,  a  summarized  statement  of  costs  has  been 
prepared,  showing  the  relation  of  "  cost  to  the  contractor  "  to 
the  "  cost  to  the  Agua  Pura  Company,"  indicating  the  probable 
profit  and  loss  under  the  items  of  earth  and  rock  excavation,  con- 
crete, and  under  the  item  of  extra  work.  As  will  be  noted  from 
the  memorandum  attached  to  this  table,  these  figures  include 
$1  224  extra  compensation  paid  to  the  contractor  for  prosecuting 
the  work  through  the  cold  weather  instead  of  closing  down  as  the 
contract  permitted  him  to  do. 


FlQ.    I. 

Dam  rNDEtt  Construction  —  Downstream  Face. 


Upstream  Face  of  Dam  during  Construction. 


TABLE  7. 

AouA  PuRA  Cohpant's  Dam. 
estuiated  cost  to  contractor,  frok  beginning  to  december  31, 

1910.    (plant  in  valley.) 
Concrete  (1  582  cu.  yd.). 


Item. 


Labor  and 
Teama. 


Total. 

9 


Unit 

9 


Supt.,  Fore- 
man, and 
filackamith. 


Total. 

9 


Unit 
9 


Materials  and 
Supplies. 


ToUl. 

9 


Unit 

9 


Tools,  Equip., 
and  Repairs. 


Total. 

9 


Unit 

9 


Total  Cost. 


Total. 

9 


Unit 

9 


Quarry 
Drilling.. 
Labor  . . . 

Total.. 
Crushing 
Setting  up 
Engineer 
Labor  and 

team. . 

Total. 
Sand 
Teams. . 
Labor. .. 

Total. 
Concrete 
Mixinjff.. 
Teaming 

coal . . 
Engineer 
Sand .... 
Stone. . . 
Cement . 
Water    & 

dump. 

Total 

Heating 
Material 

Wheeling. . 

Placing .  . . 

Placing 
Cyclop, . . 

Stage  and 
Forms 
Carpenter 

Labor 

Team .... 


Total . . 

CemerU 

Cement 

shed. . . 
Teams. . . 

Total.. 

Total    con- 
crete .... 


167.85 
394.78 

0.10 
0.25 

0.35 

89.57 

.06 

77.88 

.05 

13.86 

.01 

743.94 

562.63 

39.25 
198.20 

.02 
.13 

^ 

847.65 

.54 
.69 

103.20 

.07 

120.95 

.07 

439.24 

.28 

1699.19 

1 085.10 

306.40 
149.60 

.19 
.10 

.29 

42.60 

.03 

3.80 

17.11 

.01 

519.51 

456.00 

36-00 

.02 

6.00 

123.45 

101.20 

202.40 

50.60 

.08 
.07 
.13 
.03 

■ 

« 

101.10 

.07 
.40 

56.60 

.03 

92.30 

.06 

366.72 

.23 

1 136.37 

620.75 

82.35 
351.60 
155.85 

.05 
.22 
.10 

8.15 
35.10 
15.65 

.02 
.01 

85.05 
31.40 

.06 
.02 

3.00 
21.00 
12.60 

.02 
.01 

178.55 
407.70 
215.50 

55.85 

.04 

.5.60 

50.50 

.03 

111.95 

106.50 

126.95 

62.30 

.06 
.08 
.04 

.18 

22.10 

.02 

385.10 

.24 

702.95 

295.75 

79.80 
192.00 

.05 
.12 

0.17 

2.49 

1 

21.30 

.02 
.26 

1 

1 

5  113.00 

1 

3.24 
3.78 

82.50 

.05 
.64 

5505.60 

271.80 

3  937.68 

399.87 

5  926.48 

1006.53 

11 270.56 

0.47 


1.11 


0.33 


0.72 

0.11 
0.26 
0.14 

0.07 


0.44 


3.48 


7.13 


TABLE  8. 

Aqua  Pura  Company's  Dam. 
estimated  cost  to  contractor  for  months  of  january  and 

FEBRUARY   (TO  MARCH   15,    1911).      (PIANT  ON  HILL.) 

Concrete  (1 121  cu.  yd.). 


Supt.,  Fore* 

Materials  and 

Tools,  Eouip., 

Total  Cost. 

Item. 

Teams. 

BUnksmith. 

Supplies. 

and  Repairs. 

Total. 

Unit 

Total. 

Unit 

Total. 

Unit 

Totol. 

Unit 

Total. 

Unit 

S 

S 

t 

t 

$ 

$ 

t 

$ 

$ 

t 

m 

Qiumry 

Foreman. 

56.00 

0.05 

Labor 

497.55 

.45 

Team 

36.80 

.03 
0.53 

84.41 

.07 

18.30 

.02 

11.20 

.01 

704.26 

Total . . 

590.35 

.63 

Cntaking 

Setting  up 

32.50 

.03 

Engineer . 

134.50 

.12 

• 

Labor 

408.70 

.36 
.51 

72.33 

.07 

60.40 

.05 

148.02 

.14 

856.45 

Total . . 

575.70 

.77 

Sand 

Teams . . . 

314.00 

.28 

Labor 

128.85 

.11 
.39 

* 
52.56 

.05 

31.25 

.03 

13.06 

.01 

539.72 

Total . . 

442.85 

.48 

Cement 

Cement 

shed. . . 

44.26 

Labor. . . 

9.00 

.01 

- 

Teams . . . 

77.20 

.07 
.08 

11^ 

.01 

3711.53 

3.31 

4.50 

.04 

3858.29 

Total . . 

86.20 

48.76 

3.44 

Concrete 

Mixing 

• 

Setting  up 

38.75 

.03 

Engineer. 

75.50 

.07 

Sand 

37.30 

.03 

Stone. . . . 

115.65 

.11 

Cement . . 

38.80 

.03 

Water  and 

dump. . . 

93.90 

.09 
.36 

49.72 

.04 

68.44 

.06 

199.62 

.18 

717.68 

Total . . 

399.90 

.64 

Heating 

Material . 

8.25 

.01 

1.14 

6.00 

15.39 

.01 

Wheeling. . . 

148.35 

.13 

20,14 

.02 

14.00 

.01 

182.49 

.16 

Placing .... 

78.90 

.07 

10,65 

.01 

24.00 

.02 

113.55 

.10 

Water  Sup- 

ply  

82.65 

.07 

11.42 

.01 

11.50 

.01 

105.57 

.09 

Stage  and 

Forma 

Carpenter 

164.75 

.15 

Labor 

227.77 

.20 
.35 

53.28 

.05 

238.54 

.21 

684.34 

Total . . 

392.52 

.61 

Cleaning  up 

220.55 

.20 

12.95 

.01 

^ 

233.50 

.21 

Total     con- 

j 

crete  

3026.22 

2.70 

380.40 

.34 

4 128.46 

3.68' 

476.16 

.42 

8  013.34 

7.14 

Foundation  of  Dam. 
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The  hourly  rates  of  wages  paid  are  as  shown  in  the  footnote, 
namely,  —  Mexican  labor,  15^;  subforemen,  17^^;  engineer, 
25ff;  carpenter,  30ff  and  20ff;  foreman,  35^;  and  double  teams,  40f(. 

The  average  cost  of  materials  was  as  follows:  Cement,  $3.02, 
f.  o.  b.  Hot  Springs,  with  rebate  on  bags  amounting  to  30i,  which 
has  been  figured  in  these  costs  at  25^  to  allow  for  loss,  giving  net 
cost  of  cement  $2.77.  Limiber,  $17.00  per  M  ft.  b.  m.;  cull 
lumber,  $10.00  per  M  ft.  b.  m.  at  the  mill.  Mill  work,  60ff  per 
M  ft.  Stone  was  quartzite  quarried  at  the  site  of  the  work.  Sand 
was  secured  from  the  river  bed,  screened  and  hauled  about  0.5 
mile.    Coal,  bituminous,  $3.00  i>er  net  ton,  f .  o.  b.  Hot  Springs. 

In  figuring  the  costs,  an  allowance  was  made  for  actual  time 
spent  by  the  contractor  upon  the  work  at  the  rate  of  $8.00  per 
day,  and  included  fifty  days'  time,  amounting  to  $400. 

'In  Table  10  is  given  a  statement  of  the  charges  included  in  the 
force  account,  which  table  indicates  the  first  cost  of  the  ma- 
chinery, tools  and  materials,  the  amount  charged  to  the  work  and 
its  percentage  of  the  first  cost  and  the  estimated  value  of  the  several 
items  at  the  close  of  the  work.  From  this  table  it  will  be  seen  that 
an  allowance  for  tools  and  equipment,  amounting  to  $1  066.20, 
has  been  included,  which,  compared  to  the  first  cost  of  the  tools 
and  equipment,  amounting  to  $2  904.90,  is  equivalent  to  nearly 
37  per  cent,  of  the  first  cost. 

Materials.  —  cement. 

The  cement  used  upon  this  work  was  the  "  El  Toro  "  brand, 
manufactured  by  the  Southwestern  Portland  Cement  Coiftpany  at 
El  Paso,  Tex.,  and  proved  to  be  a  most  satisfactory  cement. 
Tests  were  made  in  accordance  with  the  specifications  of  the 
American  Society  of  Civil  Engineers  by  the  George  Pierce  Testing 
Laboratory  at  Portland,  Colo.,  and  the  cement  was  purchased  a 
sufficiently  long  time  in  advance  to  enable  the  securing  of  a  28-day 
test. 

sand. 

The  sand  was  secured  from  the  bed  of  the  Gallinas  River, 
passed  through  a  i-in.  screen  in  order  to  remove  occasional  gravel, 
and  iiuiiled* fully  Of.5  mile  up  two  long  and  steep  hills. 
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CRUSHED    STONE. 

As  already  described,  the  stone  was  of  good  quality  sandstone, 
and  was  crushed  locally.  In  order  to  supply  the  stone  in  sufficient 
quantity  to  keep  the  mixing  and  placing  crews  busy  throughout 
the  day  it  was  necessary  to  operate  the  crushing  plant  in  two 
shifts  of  ten  and  twelve  hours  respectively. 

TABLE  10. 
Statemen^t  op  Charges  Included  in  Force  Account. 


Tools  and  Equipment. 


First 
Cost. 


Amount 
ChsLTged. 


Per  Cent. 
Charged. 


Value 
Remaining. 


Cement  mixer 

Stone  crusher 

Steam  pump 

Boiler 

Boiler  hoods 

Derricks  and  ropes 

Wheelbarrows  and  small  tools 

Blacksmith  tools 

Wagon  —  new 

Sand  screens 

Torches 

Flue  roll  and  header 

Steam  and  water  hose 

Pliers  and  wrenches 

Old  smoke-stack 

Pipe  and  fittings 

Injector 

Belting  (not  used) 

Wagon  sheets 


$700.00 

1350.00 

57.50 

114.70 

6.25 

201.08 

155.62 

30.96 

85.00 

38.30 

4.25 

4.00 

52.00 

2.02 

10.00 

26.97 

6.75 

21.50 

38.00 


$350.00 

337.50 

11.50 

28.70 

1.50 

100.50 

1^16.83 

10.06 

22.10 

16.97 

2.54 

.80 

31.20 

.60 

9.00 

10.80 

2.70 

1.50 

11.40 


50 
25 
20 
25 
24 
50 
75 
33 
26 
44 
60 
20 
60 
30 
90 
40 
40 
7 
30 


$350.00 

1 012.50 

46.00 

86.00 

4.75 

100.58 

38.79 

20.90 

62.90 

21.33 

1.71 

3.20 

20.80 

1.42 

1.00 

16.17 

4.05 

20.00 

26.60 


Totals 

Cement  Shed 

Material 

Tiahor 

Repairs 

$2  904.90 

145.06 

25.20 

417.23 

$1 066.20 

95.06 

25.20 

367.23 

36.7 

65 
100 

$1 838.70 
50.00 
50.00* 

Totals... 

MalerUda 

$3  492.39 

$1  553.69 

$1 938.70 

Cement  remaining 
Cement  bags  returned 
Lumber  —  cull 


120.00 

785.00 

50.00 


$2  893.70 


*  Rebate  on  pitman. 
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The  forms  were  made  of  2-iii.  by  8-in.  planks,  dressed  on  two 
edges  and  one  face,  and  for  the  lower  twenty  feet  of  the  structure 
were  braced  by  means  of  2-in.  by  6-in.  studdmgs,  with  numerous 
2-in.  by  4-in.  braces,  as  shown  in  Plate  XVIII,  JPlg.  1.  Fot  the 
balance  of  the  structure  the  forms  were  made  by  the  use  of  3-in. 


Fig.  17. 
Fonus  FOR  CoNCRBTE  Dam. 

by  5-in.  studs,  6  ft.  long,  with  bolt  holes  placed  4  fti  apart  6  in. 
from  lower  end  and  18  in.  from  upper  end,  so  arranged  that  the 
|-in.  bolts,  20  in.  long,  previously  set  in  the  wet  concrete  12  in. 
below  the  surface  of  the  concrete  and  projecting  8  in,  from  the 
face  of  the  dam,  would  pass  through  the  lower  hole  of  these  stud- 
dings,  which  would  then  be  bolted  up  against  a  2-in.  wooden 


Top  op  Complrted  Dam  before  Removal  of  Forms. 


DowNBTREAM  Face  of  Couplstbd  Dam. 
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washer  which  separated  the  studding  from  the  face  of  the  concrete 
by  the  thickness  of  the  forms. 

As  these  studdings  were  arranged  in  pairs  on  either  face  of  the 
dam  on  radial  lines,  it  was  possible  to  hold  the  forms  rigidly  in 
place  by  means  of  tie-braces  across  the  top,  which  braces  also 
served  to  carry  the  wheeling  platforms  across  the  top  of  the  dam, 
as  shown  in  Plate  XVIII,  Fig.  2,  and  Fig.  17.  Each  time  a  new 
block  of  concrete  -was  placed,  new  bolts  were  inserted  in  the  upper 
holes  bored  through  these  studdings,  which  in  turn  served  as 
anchorages  for  the  next  tier  of  concrete. 

No  diflBculty  was  experienced  in  keeping  the  forms  in  Une  except 
when  the  last  layer  of  concrete  was  placed;  in  order  to  bring  the 
dam*  to  the  finished  crest  in  one  zone,  rather  than  to  permit  two 
thin  zones  to  be  constructed  at  the  top  of  the  dam  where  the  pres- 
sure of  ice  action  must  be  guarded  against,  it  became  necessary 
to  splice  these  studdings. 

HEATING  MATERIALS. 

As  the  thermometer  in  these  caiions,  during  the  winter  months, 
frequently  drops  below  freezing  during  the  night  and  early  morn- 
ing, and  sometimes  even  considerably  below  zero,  whereas  during 
the  middle  of  the  day  the  thermometer  is  almost  always  above 
freezing  and  frequently  remains  in  the  vicinity  of  56  degrees  and 
60  degrees  for  a  greater  portion  of  the  day,  it  was  deemed  advisable 
to  be  prepared  to  heat  the  sand  and  water  so  that  the  concrete 
might  be  thoroughly  warmed  when  placed.  Accordingly,  a 
number  of  large  condemned  iron  smoke  stacks  were  procured,  in 
which  cord  wood  could  be  burned  while  the  sand  was  piled  over 
and  around  them,  by  which  means  it  was  possible  to  secure  thor- 
ough and  complete  heating.  The  water  was  warmed  by  means  of  a 
steam  jet  constantly  blowing  into  the  water  tank,  and  the  con- 
crete was  covered  with  canvas,  straw,  and  boards  during  the 
night. 

We  were,  however,  fortunate  enough  to  experience  but  little 
weather  in  which  the  temperature  was  so  low  as  to  require  the 
heating  of  the  sand,  except  on  four  or  five  occasions,  although  it  is 
true  there  were  two  periods  of  several  days'  duration  when  the 
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thennometer  went  as  low  as  10  degrees  to  20  degrees  below  zero, 
but  on  each  of  these  occasions  the  work  was  shut  down  at  the  time 
on  account  of  mechanical  defects  in  the  machinery  or  for  other 
causes. 

Cyclopean  Masonry. 

When  the  work  was  contracted  it  was  expected  that  the  Cyclo- 
pean form  of  masonry  would  be  adopted,  and  with  this  in  view, 
the  contractor  erected  two  small  guy  derricks,  hand  operated, 
which  proved  to  be  entirely  inadequate  for  handling  the  large 
stones  profitably  and  satisfactorily,  with  the  result  that  probably 
not  over  200  cu.  yd.  of  stone  were  thus  utilized,  and  this  only  in 
the  lower  portion  of  the  structure.  It  is  probable  that  not  over 
20  per  cent,  of  the  first  thousand  yards  of  concrete  was  composed 
of  large  stones,  or  not  over  8  per  cent,  of  the  entire  structure. 

When  the  cyclopean  method  was  used,  the  stones  were  placed  to 
break  joints  horizontally  and  projecting  above  the  top  of  the 
concrete  at  the  end  of  the  day's  work,  so  as  to  form  dentals  by 
which  the  next  course  of  concrete  would  be  bonded  thereto,  as 
shown  in  Plate  XIX.  After  the  cyclopean  form  was  discontinued, 
the  bonding  in  the  horizontal  surfaces  was  secured  by  imbedding 
4-in.  by  4-in.  timbers,  beveled  ^  in.  on  each  of  the  two  opposite 
surfaces,  placed  lengthwise  of  the  dam  in  the  middle  of  the  surface, 
which  were  removed  when  the  surface  was  cleaned  preparatory  to 
the  construction  of  the  next  course.  The  vertical  joints  within  a 
given  course  were  made  by  means  of  a  three-faced  bulkhead, 
thus  securing  an  offset  of  about  2  ft.  about  midway  of  this 
joint. 

Before  the  concrete  was  placed  in  the  excavation  the  surfaces 
of  all  ledge  were  thoroughly  cleaned  of  earth,  dust,  and  vegetable 
matter  by  means  of  a  stream  of  water  from  a  hose  under  pressure, 
or  else  by  means  of  steam  under  high  pressure,  together  with  stiff 
brooms  and  shovels.  In  a  similar  way  the  surfaces  of  concrete 
were  cleaned  before  the  succeeding  layer  of  concrete  was  placed, 
thus  insuring  not  only  the  removal  of  dust,  dirt,  and  chips,  but  also 
securing  the  thawing  of  any  ice  which  occasionally  was  found  on  the 
surface  of  the  concrete  in  early  morning. 


Plate  XXII, 


1  Gallinas  Riveh,  and  Line  of  Proposed  Flume. 


•    •    •    • 


BABNBS.  385 

Gate  Chambek. 

The  gate  chamber  was  built  on  the  upstream  face  of  the  dam, 
and  contained  two  gates  at  different  levels  on  supply  main,  and 
three  gates  leading  into  the  reservoir  at  different  levels  so  as  to 
provide  for  circulation  in  the  waters  of  the  reservoir.  These 
gateS;  together  with  a  blow-off  gate,  were  operated  from  the  gate- 
house floor  by  means  of  bevel-geared  gate-stands  anchored  thereto. 
Provision  was  also  made  within  the  gate-house  for  two  sets  of 
screens  for  each  of  the  inlet  gates,  although  at  the  present  time  but 
one  screen  was  placed  for  each  gate.  The  openings  for  the  24-in. 
gates  leading  into  the  reservoir  were  protected  by  means  of  gratings 
so  as  to  prevent  floating  material  from  flowing  into  the  gate- 
chamber.    See  Plate  XX. 

Completion  op  the  Dam. 

With  the  exception  of  the  construction  of  the  gate-house,  the 
dam  was  completed  February  14,  1911.  It  contains  2  703  cu.  yd. 
of  concrete.  The  excavation  for  f oimdations  amounted  ,  to  790 
cu.  yd.  of  rock  and  246  cu.  yd.  of  earth.    See  Plate  XXI. 

Gate-House. 

The  superstructure  of  the  gate-house  was  built  with  a  small  crew 
of  men  in  three  days  after  the  forms  were  erected.  The  construc- 
tion of  these  forms  required  the  services  of  one  carpenter  and  five 
men  for  a  period  of  three  days. .  The  construction  of  this  gate- 
house was,  however,  delayed  until  the  early  part  of  the  month  of 
March  on  account  of  a  very  severe  blizzard  during  the  latter  part 
of  February. 

Feeder  Canal. 

Plate  XXII  indicates  some  of  the  diflSculties  to  be  encountered 
in  the  construction  of  a  high-level  canal  by  which  the  water  is  to 
be  delivered  to  this  reservoir  from  the  Gallinas  River.  The  line 
across  the  face  of  the  photograph  indicates  the  approximate 
location  of  the  canal.  There  are  a  number  of  such  cliffs  along 
the  line  selected  for  the  canal,  and  at  each  a  box  flume  will  be 
constructed  and  supported  on  wrought  iron  brackets  on  the  face 
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of  the  cliff.  The  flume  will  be  built  out  gradually  from  bracket 
to  bracket,  the  holes  for  each  bracket  being  drilled  from  a  stage 
supported  as  a  cantilever  from  the  two  brackets  next  preceding. 
This  affords  an  inexpensive  construction  and  although  it  may 
become  damaged  from  time  to  time  by  faUing  rocks  from  the 
overhanging  cliffSi  it  is  anticipated  that  repairs  can  be  easily 
made. 
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PAINT  FOR  STANDPIPES,  AND  METHODS  OF 

APPLYING. 

TOPICAL  DISCUSSION. 
(Nowentbw  IS,  Dee^mbtr  11,1919,) 

Mb.  Gsobge  a.  Stact.*  Mr.  President^  this  is  one  of  the  little 
things  pertaining  to  water  works  that  we  are  hunting  for  informa- 
tion on.  We  depend  entirely  upon  hydrant  service,  as  we  have 
no  steamerSi  so  we  erected  a  standpipei  with  an  independent  line 
of  mains  and  hydrants,  for  the  higher  level  of  the  city.  As 
this  standpipe  is  used  for  fire  service  only  we  did  not  have  to  be 
so  particular  in  regard  to  the  paint  which  was  put  on  the  inside, 
as  to  its  commimicating  taste  or  odor  to  the  water.  The  stand- 
pipe  was  built  in  1895,  and  the  specifications  called  for  two  coats 
of  the  best  asphaltum  paint  that  we  could  hear  of  at  that  time. 
I  thought  as  I  looked  at  it,  after  it  was  on,  that  it  would  be  almost 
as  permanent  as  enamel  and  would  be  a  thorough  protection  to 
the  wrought  iron. 

In  about  three  years  I  noticed  that  it  looked  as  though  the 
paint  was  all  gone.  We  drew  the  water  off,  and  even  with  the 
microscope  you  could  not  detect  that  there  had  ever  been  any 
paint  on  the  tank  in  any  way,  shape  or  manner,  not  even  in  the 
joints  or  around  the  rivets,  or  anywhere  else.  I  do  not  know  how 
long  the  tank  had  been  in  that  condition,  for  I  had  such  confidence 
in  the  paint  that  I  had  never  thoroughly  examined  it.  The  water 
was  not  used  for  our  domestic  supply  so  the  fluctuation  of  water 
level  in  the  tank  was  very  slight,  five  feet  was  the  maximum  in 
the  winter,  when  we  keep  it  from  freezing  by  artificial  circulation, 
and  one  or  two  feet  in  the  summer. 

In  repainting  we  got  some  paint  which  was  highly  recommended, 

'-    -  m -    -  -     .  _  _  _  . 

*  Superintendent  Water  Works,  Marlboro,  Maas. 
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some  discovery  which  they  claimed  made  this  paint  particularly 
adapted  for  this  kind  of  work.  We  had  looked  around  but 
couldn't  find  any  reliable  data  which  we  could  go  by  as  to  paint 
that  anybody  else  had  used,  so  we  put  that  on.  This  did  a  little 
better,  but  at  the  end  of  three  years  was  gone.  Then  we  tried 
something  else  which  had  been  recently  discovered  and  which 
had  come  into  use  to  a  certain  extent  at  that  time  for  coating 
steel  pipe.  We  put  that  on,  and  I  watched  it  as  time  went  along, 
and  we  found  that  near  the  water  line,  or  the  ice  line,  where  the 
ice  broke  as  the  water  rose  and  fell  in  the  tank,  the  ice  would 
break  away  from  the  side,  and  it  seemed  to  affect  the  paint  there 
more  than  anywhere  else;  at  the  end  of  three  years  we  emptied 
the  tank  to  see  its  condition.  We  found  the  paint  which  was  pur- 
ported to  be  very  elastic  and  very  tough  hanging  on  the  sides  of 
the  tank  in  places  like  loose  paper  on  the  wall.  There  would  be 
a  strip  attached  to  the  top  and  hanging  loose,  and  then  some  few 
feet  off  another,  and  some  of  it  you  could  pull  off.  It  certainly 
was  tough,  but  it  did  not  adhere  to  the  iron,  so  that  it  was  no 
protection  to  what,  was  behind  it. 

I  thought,  perhaps,  that  that  was  due  to  some  imperfection  in 
preparing  the  tank.  I  thought  the  matter  over,  but  I  did  not  see 
how  we  could  do  any  better  than  we  had,  because  the  iron  was 
perfectly  clean,  and  there  was  no  question  about  its  being  dry, 
because  it  was  so  hot  in  there  when  the  sun  shone  that  it  was  very 
uncomfortable,  and  when  the  water  was  drawn  out  it  didn't  take 
but  a  little  time  for  the  tank  to  dry,  so  I  laid  it  to  the  paint. 

This  carries  us  along  quite  a  period,  and  then  we  tried  a  paint 
which  was  made  of  different  material.  We  put  that  on  a  few 
years  ago,  —  I  guess  it  has  been  painted  once  since,  —  and  that 
stayed  on  about  three  years  and  a  half  or  four  years,  and  when  we 
drew  the  tank  oflF  to  paint  it  again  it  was  in  the  best  condition 
that  it  ever  had  been.  The  paint  on  the  bottom  was  almost 
perfect.  I  thought  then  we  had  found  what  we  were  seeking, 
that  is,  something  which  had  durability  and  which  would  last 
three  years  and  remain  effective.  So  I  got  the  same  paint,  as  I 
supposed,  and  applied  it  a^ain;  and  in  three  or  four  years  we 
drew  the  tank  down  and  this  time  it  looked  a  good  deal  as  it  did 
the  first  time  we  painted  it.     I  could  not  detect  that  there  was 
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any  paint  left.  It  was  bought  from  the  same  party  and  supposed 
to  be  manufactured  by  the  same  concern;  we  paid  the  same  money 
for  it,  and  I  knew  that  the  tank  was  prepared  in  the  same  way  as 
before. 

The  next  time  I  made  a  complete  shift.  I  got  some  red  lead, 
had  it  ground  for  me,  and  painted  the  inside  of  the  tank  with  that, 
and  put  two  coats  of  other  paint  outside  of  it,  and  in  the  futiu'e, 
if  I  live,  I  will  tell  you  how  that  comes  out. 

I  am  satisfied  of  this:  that  up  to  the  present  time  —  and  I  may 
be  showing  considerable  ignorance  in  this  matter  —  I  have  not 
yet  been  able  to  learn  of  a  paint  that  will  thoroughly  protect  the 
inside  of  a  standpipe  for  a  term  of  three  years,  so  that  it  will  be 
in  good  condition  at  the  end  of  that  time.  If  there  is  such  a  paint 
I  should  like  to  know  what  it  is  and  who  makes  it. 

Of  course  some  of  the  paint  we  used  would  not  be  put  on  a  tank 
from  which  the  water  was  used  for  domestic  purposes.  I  men- 
tioned what  our  tank  was  used  for,  so  you  would  know  that  I 
wasn't  hampered  in  painting  it  for  fear  of  anything  which  would 
cause  taste  or  odor.  This  is  as  far  as  I  have  got,  and  I  don't  think 
I  know  a  great  deal  more  about  it  than  I  did  in  1895,  when  the 
tank  was  constructed,  and  if  anybody  can  give  me  any  informa- 
tion it  would  be  a  great  favor. 

Mr.  Frank  L.  Fuller.  I  should  like  to  ask  Mr.  Stacy  how 
many  coats  of  paint  he  put  on. 

Mr.  Stacy.    We  put  on  three,  two  outside  of  the  red  lead. 

Mr.  Fuller.  Will  one  coat  over  a  coat  of  red  lead  cover  it, 
or  does  it  need  two  coats?  For  instai^ce,  suppose  you  are  putting 
it  on  the  outside  of  a  tank  and  have  a  first  coat  of  red  lead,  would 
a  second  coat  of  some  tint,  lead  and  oil,  cover  it? 

Mr.  Stacy.  I  will  say,  Mr.  Fuller,  that  that  is  the  reason  we 
put  on  the  third  coat.  The  first  coat  we  put  on  over  the  red  lead 
did  not  thoroughly  cover  it.  On  the  outside  of  the  tank  we 
haven't  had  any  trouble  in  finding  paint  that  I  consider  satis- 
factory in  every  way,  and  would  protect  the  tank  thoroughly  as 
long  as  you  would  expect  anjrthing  of  that  kind  to  last,  say  five 
or  six  years. 
;  Mr.  Fuller.    What  kind  of  paint  did  you  use  on  the  outside? 

Mr.  Stacy.    I  used  a  mineral  paint,  made,  I  think,  by  some 
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people  in  Cincinnati;  I  can't  tell  you  just  the  address  now.  It 
was  about  five  years  ago  that  we  painted  the  outside  last.  We 
painted  it  with  two  tints,  —  it  comes  in  colors,  —  and  it  has 
given  satisfaction.  But  when  we  come  to  the  inside  of  the  tank 
it  has  been  a  perfect  failure  as  far  as  finding  anything  which  was 
satisfactory. 

Mr.  Harry  L.  Thomas.  Will  Mr.  Stacy  kindly  tell  us  how  he 
prepared  the  jnside  of  his  standpipe.  Did  he  do  an3^hing  more 
than  brush  it  before  painting? 

Mr.  Stacy.  It  was  thoroughly  scraped  down  to  the  iron.  We 
didn't  use  any  sand  blast,  but  we  used  chisels,  hammers,  steel 
scrapers,  and  brushes.  It  was  the  hardest  work  to  remove  the 
rust  around  the  rivets  and  around  the  seams. 

Mr.  George  E.  Winslow.  I  would  like  to  ask  Mr.  Stacy  if 
he  has  ever  tried  pure  beeswax  for  a  paint. 

Mr.  Stacy.  No;  that  is  something  new.  I  will  try  it  next 
time. 

Mr.  Winslow.  I  have  never  used  it  for  painting  a  standpipe, 
but  I  have  used  it  on  iron  work,  on  cast  iron  and  on  copper  and 
tin,  and  I  have  found  that  it  is  the  best  of  an3rthing  I  have  been 
able  to  get  for  paint.  Perhaps  you  know  that  they  use  it  on  the 
iron  patterns  that  are  used  in  foundries,  and  it  keeps  the  rust  off 
perfectly.  Beeswax  is  not  affected  by  water  or,  in  fact,  by  any 
liquid,  I  don't  care  what  it  is.  But  when  you  put  it  on  iron  you 
don't  want  to  paint  it  on  and  leave  it  as  paint  is  left.  You  have 
to  warm  the  iron  and  put  it  on  in  a  very  thin  coat  indeed.  In 
other  words,  to  paint  the  inside  of  a  standpipe,  which  I  have  never 
done,  you  would  apply  it  hot  with  a  brush,  and  then  take  a  blow- 
torch and  warm  the  iron  and  let  all  of  it  flow  off  that  will.  I  have 
found  that  it  works  very  well  on  cast  iron,  and  the  rust  does  not 
attack  it. 

Mr.  Stacy.  I  will  say,  Mr.  Winslow,  that  you  wouldn't  have 
to  use  any  blow-torch  on  the  smmy  side  of  our  tank.  The  only 
trouble  would  be  to  keep  the  beeswax  from  all  flowing  off  down 
to  the  bottom. 

Mr.  Winslow.    No;  it  wouldn't  do  that. 

Mr.  Stacy.  You  can't  bear  your  hand  on  the  tank  where  the 
sun  strikes  it  on  a  bright  day. 
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Mb.  WiNSiiOW.  The  beeswax  wants  to  be  very  thin  mdeed. 
You  put  it  on  with  a  brush  and  put  it  on  hot  and  as  thin  as  you 
caH;  and  it  will  peel  even  then.  But  when  all  has  flowed  off  that 
can  flow  off  it  will  leave  a  coating  that  will  not  peel.  You  put  it 
in  a  eup,  or  an3rthing  you  choose,  and  let  it  harden,  and  you  will 
find  a  joint  between  the  beeswax  and  the  cup;  but  by  putting 
it  on  very  thin  it  works  very  nicely  on  my  work,  I  can't  say 
anything  about  it  for  use  on  the  outside  of  a  tank,  but  on  the' 
inside,  where  it  is  covered  with  water,  there  isn't  any  possibility 
that  it  will  flake  off,  if  it  is  put  on  in  the  way  I  suggest.  I  won't 
say  that  it  is  the  thing  to  use;  I  merely  asked  if  you  had  ever 
tried  it;  this  is  only  a  suggestion. 

Mr.  Robert  S.  Weston.*  In  painting  standpipes  the  metal  is 
fully  as  important  as  the  paint  applied  to  it.  Most  of  us  are 
pretty  well  agreed  that  if  we  get  iron  which  is  free  from,  mill- 
scale  it  will  stand  longer,  take  the  paint  better,  and  the  rust 
beneath  the  paint  will  be  less  apt  to  push  the  paint  off  than  if  the 
ordinary  metal  is  used. 

Recently  I  made  an  experiment  with  a  tank  used  to  hold  a 
ground  water  containing  an  excessive  amount  of  carbonic  acid. 
The  metal  is  a  new  material  called  "  ingot "  iron,  which  is  sup- 
posed to  be  a  very  pure  iron  made  by  the  steel  process.  It  is 
practically  steel  which  has  been  heated  in  an  open-hearth  furnace 
until  all  the  manganese  has  been  burned  out  of  it,  or  an  open- 
hearth  steel  treated  with  heat  until  it  is  homogeneous  in  character. 
I  painted  this  tank  with  two  coats  of  a  pitch  and  linseed  oil  paint 
and  thought  that  I  was  going  to  get  conditions  which  would  stand 
corrosion  very  well,  but  after  several  months'  use  the  water  began 
to  corrode  the  metal  and  I  think  I  am  going  to  have  about  the 
same  experience  that  Mr.  Stacy  has  had. 

There  is  no  paint  which  cannot  be  criticised,  but  it  is  also  true 
that  if  the  mill-scale  be  removed  from  plates,  paint  will  stick  to 
the  metal  very  much  better.  I  believe  that  the  modem  practice 
of  sand  blasting  the  plates  before  painting  is  one  of  the  best  steps 
which  has  been  taken  to  secure  good  coatings  on  the  insides  of 
standpipes. 

Professor  Whipple's  experiments  at  Harvard  have  shown  that 

*CoQflulting  Sanitary  Engineer,  Boston,  Mass. 


392        PAINT  FOR  STANDPIPBS,  AND  METHODS  OF  APPLYING. 

• 

the  plates  which  are  most  readily  attacked  by  water  are  those 
which  have  the  most  mill-scale  on  them,  and  as  long  as  plates  are 
covered  with  scale  it  doesn't  seem'  to  make  much  difference 
whether  the  metal  is  iron,  steel,  ingot  iron,  or  any  other  iron 
alloy,  provided  the  metal  is  fairly  good  in  quality.  When  the 
scale  has  corroded  away,  the  p\irer  and  more  homogenous  iron 
is  the  better,  but  the  advantages  of  a  good  steel,  free  from  scale, 
greatly  exceed  those  of  the  higher  priced,  purer  iron,  with  the 
scale  on. 

Dr.  Cushman,  who  has  done  a  great  deal  of  work  for  the  Depart- 
ment of  Agriculture  in  getting  out  specifications  for  fence  wire 
and  other  agricultural  iron,  has  advised  a  paint  whose  pigment  is 
boiled  in  potassium  bichromate  before  being  ground  with  the  oU. 
He  claims  that  this  treatment  of  the  pigment  neutralizes  the 
electrolytic  action  of  the  water  on  the  metal.  These  paints  can 
be  procured,  I  believe,  of  a  Philadelphia  manufacturer,  but  I  do 
not  think  they  have  been  used  long  enough  to  determine  how  much 
better  they  are  than  the  ordinary  paints. 

theoretical  considerations  and  experience  lead  me  to  beUeve 
that  the  thing  to  do  is  to  put  the  paint  on  clean,  dry  metal  as  the 
first  requisite;  second,  use  a  paint  which  contains  materials  which 
are  elastic  and  quite  insoluble  in  water.  The  three  types  of 
paint  usually  used  are: 

First,  pitch  or  bitumens  dissolved  in  boiled  linseed  oil; 

Second,  furnace  paints;  and 

Third,  linseed  oil  paints. 

I  have  tried  all  of  them,  but  am  not  in  a  position  to  say  that 
any  one  has  the  advantage.  Pitch  paints  are  a  little  more  liable 
to  contain  materials  which  will  dissolve  in  water.  On  the  other 
hand,  they  are  the  most  elastic.  Of  the  pigment  paints,  those 
which  contain  some  zinc  and  a  filler  like  asbestos  fiber  are  a  little 
more  durable  than  those  made  of  pure  pigment  ^.nd  pure  oil. 
These  latter  are  liable  to  disintegrate. 

Mr.  Dexter  Brackett.*  Mr.  President,  I  will  offer  a  few 
notes  on  the  subject,  which  may  be  worthy  of  a  place  in  yoiu* 
records.  Our  experience  on  the  MetropoUtan  Water  Works 
indicates  that  red-lead  paint  applied  to  the  interior  of  standpipes 

*  Chief  Engineer,  Metropolitan  Water  Works,  Boston,  Man. 
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is  one  of  the  best,  if  not  the  best,  protection  against  rusting. 
The  paint  now  used  is  mixed  in  the  proportion  of  three  gallons  of 
boiled  linseed,  oil  to  100  lb.  of  the  best  quality  of  red  lead,  to 
which  is  added  2^  lb.  of  litharge  thoroughly  beaten  up  with  the 
linseed  oil.  This  is  the  formula  used  by  the  United  States  Navy 
for  paint  used  on  the  bottoms  of  ships.  The  litharge  causes  the 
paint  to  dry  quickly  and  also  hardens  it. 

The  standpipe  on  Forbes  Hill  in  Quincy,  30  ft.  in  diameter  and 
64  ft.  3  in.  high,  was  painted  in  1902  at  a  cost  of  $427.  The 
interior  was  first  thoroughly  cleaned  of  rust  and  loose  paint  by 
the  use  of  putty  knives  and  wire  brushes.  One  coat  of  red  lead 
mixed  with  raw  linseed  oil  and  a  little  turpentine  was  then  ap- 
plied, and  over  this  were  applied  two  coats  of  Gilsonite  paint, 
made  by  the  Commercial  Asphalt  Company,  of  New  York.  The 
exterior  was  given  two  coats  of  white  lead  and  linseed  oil,  tinted 
a  light  gray  color.  This  standpipe  is  enclosed  in  a  granite  masonry 
tower  and  covered  so  that  ice  does  not  form  to  such  an  extent  as 
it  would  if  the  standpipe  were  exposed  directly  to  the  weather. 
The  interior  of  the  standpipe  has  not  required  repainting  until 
the  present  season.  The  interior  of  the  standpipe  has  recently 
been  given  three  coats  of  red  lead,  United  States  Government 
specification,  with  no  covering  of  Gilsonite,  and  the  exterior  one 
coat  of  white  lead  and  oil,  at  a  total  cost  of  $430. 

We  have  a  standpipe  in  Arlington,  40  ft,  in  diameter  and  60  ft. 
high,  with  a  conical  steel  roof  and  exterior  spiral  stairway,  all 
exposed  to  the  weather.  The  water  pumped  into  both  this  and 
the  Forbes  Hill  standpipe  has  a  temperature  of  from  38  to  40 
degrees  during  the  winter,  and  ice  forms  in  this  standpipe  to  a 
greater  extent  than  in  standpipes  supplied  with  water  drawn  from 
groimd  water  supplies,  which  does  not  ordinarily  fall  below  50 
degrees. 

This  standpipe  was  painted  in  1906  at  a  cost  of  $425.  The  in- 
terior, after  being  thoroughly  cleaned,  was  given  one  coat  of  red 
lead  and  two  coats  of  Gilsonite.  The  roof  trusses  and  under  side 
of  the  roof  were  given  two  coats  of  red  lead  and  oil,  and  the  exterior 
of  the  standpipe  and  roof  one  coat  of  white  lead  and  oil.  In  1911 
this  standpipe  was  emptied  and  both  exterior  and  interior  re- 
painted in  the  same  manner  as  in  1906,  at  a  cost  of  $475. 
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Mr.  C.  E.  Peirce.  I  would  like  to  ask  the  gentleman  what 
preparation  he  makes  for  painting. 

Mr.  Brackbtt.  Thoroughly  clean  the  iron.  That  is  really 
the  best  thing  which  can  be  done.  We  have  not  used  sand 
blasting,  but  we  have  thoroughly  cleaned  the  iron  by  the  use  of 
wire  brushes  and  scraping. 
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PROCEEDINGS, 

NOYBBiBER  MeETINO. 

Hotel  Brunswick, 
Boston,  Mass.,  November  13,  1912. 

Mr.  George  W.  Batchelder,  the  President,  presiding. 
The  following  members  and  guests  were  present: 

HONORART    MbMBSBS. 

Desmond  FitzGerald,  Henry  C.  Meyer,  and  Frederic  P.  Steams.  —  3. 

Members. 

8.  A.  Agnew,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft,  F.  A.  Barbour, 
H.  K.  Barrows,  G.  W.  Batchelder,  A.  E.  Blackmer,  J.  W.  Blackmer,  C.  A. 
Bogardus,  E.  C.  Brooks,  G.  A.  Carpenter,  0.  E.  Chandler,  J.  C.  Chase, 
R.  D.  Chase,  E.  A.  Clark,  R.  C.  P.  Coggeshall,  W.  R.  Conard,  A.  W.  Cudde- 
back,  J.  A.  Cuahman,  E.  D.  Eldredge,  G.  F.  Evans,  F.  L.  Fuller,  A.  S.  Glover, 
Clarence  Goldsmith,  J.  M.  Goodell,  X.  H.  Goodnough,  R.  A.  Hale,  R.  K.  Hale, 

F.  E.  Hall,  T.  G.  Hazard,  Jr.,  D.  A.  Heffeman,  M.  F.  Hicks,  Willard  Kent, 

G.  A.  Kimball,  G.  A.  King,  J.  J.  Kirkpatrick,  C.  A.  Leary,  N  A.  McMillen,' 
A.  E.  Martin,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller,  J.  H.  Mendall, 
William  Naylor,  G.  A.  Nelson,  F.  L.  Northrop,  H.  E.  Perry,  A.  L.  Sawyer, 
J.  E.  Sheldon,  G.  H.  SneD,  G.  A.  Stacy,  W.  F.  Sullivan,  H.  A.  Symonds, 
H.  L.  Thomas,  R.  J.  Thomas,  J.  L.  Tighe,  E.  J.  Titcomb,  D.  N.  Tower, 
C.  H.  Tuttle,  W.  H.  Vaughn,  R.  S.  Weston,  F.  B.  Wilkins,  F.  I:  Winslow,  and 
G.  E.  Winslow.  —  65. 

Associates. 

H.  L.  Bond  &  Co.,  by  F.  M.  Bates;  Builders  Iron  Foundry  Company, 
by  A.  B.  Coulters  and  G.  H.  Lewis;  Chapman  Valve  Manufacturing  Company, 
by  H.  L.  DeWolf ;  Hersey  Manufacturing  Company,  by  Albert  S.  Glover; 
Lead  Lined  Iron  Pipe  Company,  by  T.  E.  Dwyer;  Charles  Millar  &  Son 
Company,  by  C.  F.  Glavin;  H.  Mueller  Manufacturing  Company,  by  G.  A. 
Caldwell;  National  Meter  Company,  by  C.  H.  Baldwin  and  J.  G.  Lufkin; 
Pittsburg  Meter  Company,  by  J.  W.  Turner;  Rensselaer  Manufacturing  Com- 
pany, by  F.  S.  Bates  and  C.  L.  Brown;  Ross  Valve  Manufacturing  Company, 
by  William  Ross;  Pratt  &  Cady,  by  C.  E.  Pratt;  A.  P.  Smith  Manufacturing 
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Company,  by  F.  L.  Northrop,^  Thomaon  Meter  Company,  by  S.  D.  Higley, 
W.  S.  Cetti,  and  £.  M.  Shedd;  Union  Water  Meter  Company,  by  F.  E.  Hall 
and  £.  K.  Otis;  Water  Works  Equipment  Company,  by  W.  H.  Van  Winkle, 
Jr.;  R.  D.  Wood  &  Co.,  by  H.  M.  Simons;  Heiury  R.  Worthington,  by  Samuel 
Harrison.  —  24. 

GUSSTB. 

F.  W.  Tucker,  W.  D.  Cashin,  Boston,  Mass.;  J.  P.  Wood,  inspector, 
Marlboro,  Mass.;  Frank  I.  Hamlin,  water  commissioner,  Haverhill,  Mass., 
D.  W.  Agnew,  Scituate,  Mass.;  I  vers  M.  Low,  superintendent  water  works; 
Weymouth,  Mass.;  and  Mr.  E.  M.  Nichols,  Philadelphia,  Pa.  —  7. 

The  records  of  the  last  meeting  of  the  Association  were  read  by 
the  Secretary  and  adopted. 

Applications  for  membership  were  submitted  by  the  Secretary 
from  Henry  Manley,  Jr.,  Boston,  Mass.,  engaged  as  assistant  in 
general  engineering  practice;  and  Luther  W.  Burt,  Hartford, 
Conn.,  active  and  consulting  engineer.  On  motion  of  Mr.  Frank 
L.  Fuller,  the  Secretary  wais  empowered  to  cast  one  ballot  in  favor 
of  the  applicants,  and,  he  having  done  so,  they  were  declared 
elected  members  of  the  Association. 

Mr.  Frederic  I.  Winslow,  engineer  of  extension,  Public  Works 
Department,  Water  Service,  Boston,  presented  an  illustrated 
paper  on  "  Some  Difficulties  Encountered  in  Tunnel  and  Subway 
Construction." 

Mr.  Desmond  FitzGerald  gave  an  entertaining  description  of  a 
trip  "  From  Italy  to  the  China  Sea,"  illustrated  by  a  series  of 
beautiful  stereopticon  pictures.  Before  beginning  his  remarks  he 
expressed  his  great  pleasure  at  meeting  with  the  members  of  the 
Association  once  more,  and  finding  so  many  of  his  old  friends  in 
attendance.  He  was  cordially  welcomed,  and,  at  the  close  of 
his  talk,  the  President  on  behalf  of  the  members  thanked  him  for 
the  great  treat  he  had  given  them. 

Mr.  George  A.  Stacy  opened  the  topical  discussion,  the  subject 
being  *^  Paint  for  Standpipes,  and  Methods  of  Applying."  The 
discussion  was  further  participated  in  by  Mr.  Frank  L.  Fuller, 
Mr.  Harry  L.  Thomas,  Mr.  George  E.  Winslow,  and  Mr.  Robert  S. 
Weston. 

Adjourned. 
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December  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  December  11,  1912. 

President  George  W.  Batchelder  in  the  chair. 
The  following  members  and  guests  were  present: 

HONOJIABT  MSMBER. 

F.  p.  Steams. 

Membebs. 

S.  A.  Agnew,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft,  W.  T.  Barnes, 
G.  W.  Batchelder,  A.  E.  Blackmer,  J.  W.  Blackmer,  George  Bowers,  Dexter 
Brackett,  E.  C.  Brooks,  E.  W.  Bush,  W.  L.  Butcher,  F.  H.  Carter,  J.  C. 
Chase,  R.  C.  P.  Coggeshall,  W.  R.  Conard,  H.  R,  Cooper,  J.  A.  Cushman, 
John  Doyle,  E.  .D.  Eldredge,  T.  C.  Gleason,  A.  S.  Glover,  F.  H.  Gunther, 
R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  L.  M.  Hastings,  T.  G.  Hazard,  Jr.,  J.  L. 
Hyde,  Willard  Kent,  G.  A.  King,  F.  A.  Mclnnes,  N.  A.  McMiUen,  H.  V. 
Macksey,  F.  A.  Marston,  A.  E.  Martin,  John  Mayo,  F.  E.  Merrill,  William 
Naylor,  C.  E.  Pierce,  T.  A.  Pierce,  J.  L.  Rice,  G.  A.  Sampson,  P.  R.  Sanders, 
A.  L.  Sawyer,  C.  W.  Saxe,  J.  W.  Smith,  G.  H.  Snell,  W.  F.  SuUivan,  E.  S. 
Tucker,  C.  H.  Tuttle,  W.  H.  Vaughn,  F.  P.  Washburn,  R.  S.  Weston,  F.  B. 
Wilkins,  F.  I.  Winslow,  G.  E.  Winslow,  1.  S.  Wood,  F.  L.  Northrop.  —  CM). 

Associates. 

Builders  Iron  Foimdry,  by  A.  B.  Coulters  and  G.  H.  Lewis;  Chapman  Valve 
Manufacturing  Company,  by  J.  T.  Mulgrew;  Goulds  Manufacturing  Com- 
pany, by  R.  E.  Hall;  Hersey  Manufacturing  Company,  by  A.  S.  Glover, 
J.  A.  Tilden  and  W.  A.  Hersey;  Lead  Lined  Iron  Pipe  Company,  by  T.  E. 
Dwyer;  National  Meter  Company,  by  C.  H.  Baldwin,  J.  G.  Lufkin,  and 
H.  L.  Weston;  National  Water  Main  Cleaning  Company,  by  W.  H.  Van 
Winkle,  Jr.;  Norwood  Engineering  Company,  by  C.  E.  Childs;  Pittsburgh 
Meter  Company,  by  J.  W.  Turner;  Piatt  Iron  Works  Company,  by  F.  H. 
Hayes;  Pratt  and  Cady  Company,  by  C.  E.  Pratt;  Rensselaer  Valve 
Company,  by  C.  L.  Brown;  A.  P.  Smith  Manufacturing  Company,  by  T.  F. 
Halpin  and  F.  L.  Northrop;  Standard  Cast  Iron  Pipe  and  Foimdry  Com- 
pany, by  W.  F.  Woodbum;  Thomson  Meter  Company,  by  E.  M.  Shedd; 
R.  D.  Wood  &  Co.,  by  H.  M  Simons;  Henry  R.  Worthington,  by  Samuel 
Harrison.  —  23. 
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The  records  of  the  November  meeting  were  read  by  the  Secretary 
and  approved. 

Applications  for  active  membership,  properly  endorsed  and 
recommended  by  the  Executive  Committee,  were  presented  by 
the  Secretary  from  Herbert  R.  Horton,  East  Providence,  R.  I., 
superintendent  of  Watchemaket  Fire  District;  G.  O.  House,  St. 
Paul,  Minn.,  general  superintendent  St.  Paul  Water  Department; 
Alvin  C.  Howes,  Middleboro,  Mass.,  superintendent  Middle- 
boro  Water  Works;  D.  McD.  Campbell,  Sydney,  N.  S.,  city 
engineer  of  Sydney. 

On  motion  of  Mr.  Thomas  A.  Pierce,  the  Secretary  was  directed 
to  cast  the  ballot  of  the  Association  in  favor  of  the  applicants, 
and  he  having  done  so  they  were  declared  duly  elected  members 
of  the  Association. 

Mr.  Gilbert  H.  Pratt,  chemist  of  the  Rhode  Island  State  Board 
of  Health,  read  a  paper  entitled  "  Uses  and  Abuses  of  Water 
Filtration."  Mr.  Charles  W.  Saxe  spoke  briefly  in  regard  to  the 
filtration  plant  at  Newport,  R.  I. 

Mr.  William  T.  Barnes,  civil  engineer,  Chicago,  111.,  gave  a 
description  of  the  Las  Vegas  dam,  illustrated  by  stereopticon 
views. 

The  subject  of  "  Paint  for  Standpipes,  and  Methods  of  Apply- 
ing," which  was  discussed  at  the  November  meeting,  was  again 
taken  up  and  discussed  by  Mr.  Dexter  Brackett. 
Adjourned. 


EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
November  13,  1912,  at  11.30  a.m. 

Present:  President  George  W.  Batchelder,  and  members 
Millard  F.  Hicks,  Robert  Spurr  Weston,  George  A.  Stacy,  Lewis 
M.  Bancroft,  Richard  K.  Hale,  George  A.  King,  and  Willard  Kent. 

Two  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely:  Henry  Manley,  Jr.,  civil  engineer. 
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Boston,  Mass.;    and  Luther  W.  Burt,  civil  engineer,  Hartford, 
Conn.  ... 

It  was  voted:  That  three  former  members  of  the  Association, 
dropped  for  non-payment  of  dues  on  June  10,  1912,  having  since 
said  date  remitted  .their  dues,  be,  and  they  are  hereby,  restored 
to  membership  in  the  Association. 

Adjourned. 

WiLiARD  Kent,  Secretary. 


Meeting  of  the  Executive  Conunittee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Wednesday,  December  11,  1912,  at  11.30  a.m. 

Present,  President  George  W.  Batchelder  and  members  J. 
Waldo  Smith,  Robert  Spurr  Weston,  Lewis  M.  Bancroft,  Richard 
K.  Hale,  George  A.  King,  and  Willard  Kent. 

Four  applications  were  received  and  reconunended  for  member- 
ship, namely: 

For  members :  Herbert  R.  Horton,  superintendent  Watchemaket 
Fire  District,  East  Providence,  R.  L ;  G.  O.  House,  general  superin- 
tendent St.  Paul  Water  Department,  St.  Paul,  Minn.;  Alvin  C. 
Howes,  superintendent  Middleboro  Water  Works,  Middleboro, 
Mass.;  D.  McD.  Campbell,  city  engineer,  Sydney,  N.  S. 

One  former  member,  dropped  from  the  rolls  for  non-payment 
of  dues,  having  paid  same  in  full,  was  by  vote  reinstated. 
Adjourned. 

Willard  Kent,  Secretary. 
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OBITUARY. 

George  Albert  Kimball, 
Died  December  3,  1912. 

George  Albert  Kimball  was  bom  in  Littleton,  Mass.,  May 
14,  1850,  the  son  of  William  and  Mary  (Lawrence)  Kimball.  He 
received  his  early  education  in  the  schools  of  Littleton  and,  later, 
at  Appleton  Academy,  New.  Ipswich,  N.  H.,  where  he  prepared 
for  Dartmouth  College.  Owing,  however,  to  serious  trouble 
with  his  eyes  he  was  obliged  to  give  up  his  college  course. 

In  1869  he  took  up  the  study  of  civil  engineering  in  the  office  of 
Frost  Brothers,  of  which  firm  he  later  became  a  partner,  where  he 
remained  until  1874,  when  he  opened  an  office  in  Somerville. 
From  1876  to  1887  he  was  city  engineer  of  Somerville.  During 
that  time  he  was  also  chairman  of  the  city  board  of  health,  an 
alderman,  and  member  of  the  water  board.  In  1887  he  opened 
an  office  in  Boston  for  the  practice  of  engineering.  In  1888  he 
was  appointed  a  member  of  the  Grade  Crossing  Commission,  and 
in  1896  a  member  of  the  Metropolitan  Sewerage  Commission. 
In  1896  he  was  made  chief  engineer  of  the  Boston  Elevated  Rail- 
way Company,  in  which  capacity  he  was  responsible  for  the  design 
and  construction  of  all  the  elevated  and  subway  work.  Mr. 
Kimball  during  these  years  made  a  specialty  of  the  construction 
of  sewers  and  water  works  and  had  collected  a  valuable  Ubrary 
on  these  subjects  covering  many  New  England  cities  and  towns.* 

In  1872  Mr.  Kimball  married  Elizabeth  Emily  Bobbins,  of 
New  Ipswich,  N.  H.,  who  with  four  children  survives  him.  He 
died  of  heart  failure  at  his  home  in  Arlington,  December  3, 1912. 

Mr.  Kimball  was  a  director  of  the  American  Society  of  Civil 
Engineers,  a  past  president  of  the  Boston  Society  of  Civil  Engineers, 
a  member  of  the  Institute  of  Civil  Engineers  and  of  the  American 
Institute  of  Consulting  Engineers.  He  was  also  a  member  of 
many  clubs  and  fraternal  orders.  He  was  elected  a  member  of 
the  New  England  Water  Works  Association  on  June  17,  1887. 
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BOOK   REVIEW. 

A  Trbatisk  on  Htdrauucb.  By  Mansfield  Memman.  Ninth  edition, 
revised  and  reset,  with  the  assistance  of  Thaddeus  Merriman.  Svo,  x+565 
pages,  224  figures.    New  York:  John  Wiley  &  Sons.    Cloth,  $4.00  net. 

This  book  is  so  well  known  to  all  students  of  hydraulics  that  an  extended 
review  is  unnecessary.  The  first  edition  was  published  in  1889  and  it  has 
been  repiinted  and  enlarged  many  times  since.  In  1903  it  was  rewritten  and 
enlarged  (eighth  edition),  and  many  new  features  were  added  to  it  when 
reprinted.  The  present  edition  (ninth)  has  been  entirely  revised  and  reset 
in  order  to  present  more  logically  the  previous  additions  and  to  include  more 
fuUy  the  advances  of  the  last  decade.  The  chief  additions  are  chapters  on 
hydraulic  instruments  and  observations,  and  pumps  and  pumping,  but  much 
new  material  has  been  added  to  other  chapters.  As  in  previous  editions 
many  of  the  formulae  and  tables  are  repeated  with  metric  units,  and  an  inter- 
esting but  brief  history  of  hydraulics  is  included. 

Although  primarily  intended  for  the  use  of  students  in  technical  schools, 
it  is  an  excellent  reference  book  for  practicing  engineers,  and  will  be  of  great 
value  to  any  one  who  has  to  solve  hydraulic  problems;  but  the  writer  noticed 
few  of  the  tables  and  none  of  the  diagrams  so  useful  for  the  solution  of  every- 
day problems  in  the  office. 
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Water  Meters 

FOR  ALL  WATER  WORKS  SERVICE 


All  Sixes,  5-8  to  60  inckes 


CROWN 


EMPIRE 
NASH 
GEM 

PREMIER 

With  the  only  reliable  straight- 
reading  register  in  the  market 

National  Meter  Company 

64-86  CHAMBERS  STREET 
NEW  YORK  CITY 


BOSTON           CHICAGO  PITTSBURG       LOS  ANGELES 

159  Franklin  St.  1223  Wabash  Ave.  4  Smithfieid  St.    411  So.' Main  St. 

CINCINNATI  SAN  FRANCISCO 

10  West  Third  St.  681  Market  St. 


ADVERTISEMENTS. 


^>6cNASH 

GAS  ENGINE  and 
TRIPLEX   PUMP 


Town  and  Village  'Water 
IVorKs  ^  ^  ^  and  Pump 
Ing  Service  Generally 


CAN     BE    ADAPTED     FOR 
EITHER    OAS    OR    GASOLENE 


National  Meter  Company 

84-86  CHAMBERS  STREET.  NEW  YORK 

BOSTON;  1»  FrankMn  Stml  CHICAGO:  1223  Wabsah  Ave. 

PITTSBURQM  Bmlthfield  SltHt  SAN  FRANCISCO:  WI  Market  Street 

CINCINNATI:  ID  MVeil  Third  Street       LOS  ANOELBS:  411  South  MaJD  Street 


AUVEUTI8EM  EKT8. 


AUVEKTI8EMENT8. 


ACCOt^flCY.  bONG  LIFE, 

Avoidanee  of  Repaifs 

Aie  the  Requisites  of  the  Perfect  Water  Meter  and 

are  the  Principal  Features  of  the 

"LAMBERT." 


Our  unbreakable  disk-piston,  I'einfurced  with  au  interna]  steel 
plate,  can  be  found  only  in  the  LAMBERT   METER. 

The  growing  popularity  of  the  water-meter  eyetem  ia  attributed 
by  many  to  the  inherent  excellence  of  the  '*  IjAMBERT  "  meter. 
Where  '*  LAMBERT  "  meters  are  selected,  success  is  assured. 

Tunucnii  MTTro  pn  ioo-hobridoe  st. 

inunidun  intiLn  uu.  bbookltn.  i^.y. 


ADVERTISEMENTS. 


^identS^^ 


Assembling  Simplicity  of  Trident  Construction   ■ 

TheibovFCUlihowigTridcnt-Dlsli  McKr  duminllFdandlhe  eitreireeiHvithshkhiiciiibe 
rccatrr  ind  rtj[i»irr  h..i  and  ihe  m«er  U  complin.    Tin  Tridtni  combiniiioB  wrench  i»  tht  only 

NeftuneMeter  COMmNY 

90  WEST   STREET    NEW  YORK 


ADVERTISEMENTS. 


KEYSTONE 
Water  Meters 

^]^E   don't  ask  you  to  use 
▼▼     KEYSTONE   Water 
Meters    just    because    5000 
cities   and   towns    now    use 
them,  but 

Because, 

Authentic  records  show  entire- 
ly satisfactory  service  with  low 
up-keep  costs  in  all  these  5000 
localities. 

Why  not  give  them  a  trial 
in  your  city? 

Pittsbnrgh  Mete 

Alia  MaHsfacturiTi  of  EuTika  ll'al 
Cazi  /™.  -,«d  Tin  Gat  M.Uri^  /-« 
PrsfortKHal    Cai    .Ifiltri  /or   amf 

G«r.JO(ri«»jWM(,.    b>.n» 

rCo. 

ah>t  and 

ADVBRTISEMGMTS. 


WORTHINGTON  METERS 


Mater  Is  particularly  adapted  to  large 
and  heavy  water  works  services. 


Jhm  WsrtklBgteB   Disc    H«t«r 

comtnnes  minimum  weight   with   jt- 

liatnlity    on     constant     service    and 

accuracy  of  re^^traiton. 


The  Worthintfton  Tvrbtne  Neter 

is  designed  primarily  to  handle  large  volumes  of 
water  with  minimum  loss  of  pressure. 

ins  of  the  different  types  of  Worthinglon  Meteis,  with  tables  of 
Lzes  and  capacities,  are  given  in  Bulletin  W181-54. 


iMteB  Oflic*!  4U  John  HsbckK  B>ll«tBg 
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Dlstrlbulera  (or  New  Eatfland 

G.  O.  E.  GILCHRIST  GO. 

106  HIGH  STREET 
BOSTON.  MASS. 


ADVERTISEMEKTS. 


UNION  ROTARY,  COLUMBIA.  DISC 
and  NILO  (Vei<Hdty)  WATER  METERS 

Water  Pressure  Regulators 
Waste  Stops  and  Corporations 

UNION  WATER  METER  COMPANY 

WORCESTER,  HASSACHVSETTS 


STOP  THE  ONDERGROUND   WASTE   OF  WATER  I 

U  it  now  Immra  tliat  UNDERGROUND  lukA^e  auLy  be  enormous.  The 
PITOMBTER  it  the  moat  efftdent  Tutc  Meier  kaown.  Adopted  by  New  York 
Cttr.  Tathlngton,  D.  C.  CIiIueo,  St.  Lotdi,  Iadiui>polli.Ptttib«irgh,  Mempbit,  clc. 

PHOTB  RECOBDEBS  '^.TSurT^t^^ 

MillHl  BECOBDERS  "«.«"'  wUhoVt  Ml 

""*  (iBtr  the  m«tn.    Only  ■ 

fUMP  SLIP  IIIDIOT0R8  ■"•-'-ch  i.p  i.  n«d«j. 


mm  COHECTIONS 


d.dy  w(iho«rP!tom-  Writtfor 

t\tT.      A    ■Bvlna    wonh  ,     , 

Mflwww)  to  ih.  eitT.  Information 

THE  PITONETER  CONPANT.  220  Broftdway.  New  York 


ADVEUTI8EMENT8. 


VENTURI  METER  BULLETINS 

Any  or  all  will  be  mailed  upon  request 


Bn.i.KTiN  No.  60.    MRAHUQiNa    Watkb,     By  Cj.euens 
Heksciibi,. 
The  flr«t  part  aiitllnea  Uie  vsrloua  adTances  nude  In  tbe  methods 


which  bitTe   lieen  derlred  [rem   iw  uae  In  b 
!«.     13  lllwliatloiu.     I  diaiiun.    Si»  6I11.  > 


U.KTIS  No.  71.  SCECIAI.  VbNTCRI  METERS 
AT  THE  WACBI'METT  DaU.  BY  E.  R  B. 
ALl.AKDICR  ANll  F.  N.  CONNKT. 

*  reprint  of  an  article 

v.contalnlngabrlef  df 

)n  of  Vtncurl  Metem. 

4PMH.     3  ItlDitiitlDni.    51»6in.  XVin. 


A  deBcrlpElon  of  tlire*  Venluri  Meten  on  the  new 
<'«tsl[11l  supply  to  New  York  City.  Beprint«d  from  En- 
gliiivrlnu  Kemnl  and  suppleroented  by  additional  lUus- 
tratlons  fucnlahed  through  the  courtely  of  the  Board  of 
Water  Supply,  New  York  Cl() . 

U  paiM.     II  UlnstniliMU.    Sit*  tin.  X  9m. 


BUM-ETIS  -a.      '■Sl.ll-  '■  OV  I'LUPINO   ENOINES. 

A  short  dlscuMlon  of  the  principal  caunes  of  "slip"  a 
the  changed  conditions  under  which  "slip"  occurs,  due  I 
u»e  of  modern  high-speed  pumping  engines,  tt  also  sh^ 
photographic  reproiluclinn  of  a  worn  pump  valve. 

4  s*t'*-     2  Ulustiatioiu.    SIm  Ola.  X  Cia. 


'.TIN  No. "5.  TnB  Vestubi  Mbtrk. 

irlef  description  of  Its  principle  if  o|ier- 
,he  various  uses  to  which  it  niay  he  pnl 
e  advantage)!  srialng  from  Its  use.      It 


32  pa(«>.    IZ  iUiutntiou.    Z  UUes. 


BUILDERS   IRON    FOUNDRY 

PROVIDENCE,  R.  I. 


ADVEBTtBBHBNTS. 


THIS   IS  THE   FAMOUS 

Black  Squadron 

METALLIC 

Packing 


That  U  SMd  •xdaihralr  !■  « 


twr  trnmiim  bTCucm  HMal  r^ih. 

CANCOS^^  MANUFACTUR[NG  CO, 


You  Should  Um 

"GLm    METER 
I         BOXES" 
"TEKSUOR"  METER 
GOUPUMiS 

AND   OTHER   WATER   WORKS    AP- 
PLIANCES OF  OUR  MANUFACTURE. 
Thay  Save  Mo  nay 
H.  W.  CLARK  CO. 

IIOS«.  I71h  St.,     MiHoon,  III.,  U.  S.  A. 


WILLIAM  R.  CONARD 

322  High  Sl,  Burlington,  N.  J. 
Inspections  *r4  Tt^  of  SliMteriats 

SouTHKHN  Office 
MaUon  Blancbe  Bldg.,  New  OHeani,  L*. 
R.  C.  HUSTON,  C.R^  Special  R«pr*MBt*tlv« 


Fred  A.  Houdlette  8  Son,  Inc. 
GAST4R0N  WATER  PIPE 

Flanged  Pipe  and  Flttinga 

Stmctarat  Steel  and  WrODghl-Iron  Work 

Cast-Iron  Manhole  Pramea  and  Covers 


Dixon's  Waterproof 

GRAPHITE  GREASE 

Fot  tlic  lubrickUon  of  bydnuiti,  gatOr  etc. 


C.  D.  Kitkpatrlck  S.  P.  Oales 

B*tabllibe<l  \K» 

B.  F.  SMITH  &  CO. 

Inoorpontcd 

ArtMUa  mi  Drms  ffflb,  F«BJatfaB  BMta«* 

Ehtglneen  and  Contnciora  for  Mual- 

cipal  and  PrInU  Water  Works 


ADVERTISEMENTS. 


Payne's^  "NEW  ECLIPSE 

Tapping  Macfiines 

EX)  the  best  worlc,  because  they  have 

Few  Working  Parts 

Compact 

Simple  In  Constrnctlon 

Li^t  In  Weiiiht 

We  can  prove  these  facts  by  sendmg  a 
machine  to  you  on  thirty  (Jays*  trial. 

Long  Main-End  Corporabon  Cocks  can  be  used 


Makers  of 

High-Grade  Water 
Worts  Brass  Goods 

to  suit  eveiy  requirement 


Experience  of  hundreds  of  water  companies  has  proven  that 

original  "HAYS-ERIE"  SERVICE  BOXES  give  the 

best  satisfaction 

Atk  (or  Samplet  and  Prkei 

Hays  Mannfacturing  Go.     Erie,  Penna. 


ADVERTISEMENTS. 


Friends  That 

Never  Fall  You 


MUELLER  UNCONDITIONALLY  GUARANTEED  WATER 
WORKS  GOODS  are  friends  that  every  user  appreciates  — 
they  are  friends  that  never  fail  you. 

Their  record  is  one  of  enduring  and  satisfactory  service. 
We  would  be  pleased  to  quote  you  on  rapping  machines, 
corporation  cocks  (regular  or  lead  flange),  goose  necks 
(wipe  joint  or  lead  flange),  curb  cocks,  any  pattern,  branch 
connections,  water  meter  testers,  tools,  or  in  fact  any- 
thing in  the  water-works  line. 

mu'eller 

H.  MUELLER  MFG.  CO. 

DfCATUR,  ILL.,  U.  S.  A. 


ADVERTISEMENTS. 


We  make  Preuure  Re^ulatini  Vklvat 

for  ftll  purposes,  steam  or  water. 

Our  r«ed.W»ter  rutar  wiU  keep  ofl 

out  of  your  boiler. 

We  can  Interest  yon  !f  you  dbb  a  condsnaar. 


Water  Engines  for  PnnplRg  Orgins 

The  Ross  Valve  Mfg.  Co. 

TR.OY.  N.Y. 


NORWOOD  ENGINEERING  CO. 

FLORENCE,   MASS. 

"IMPROVED"  WALKER  FIRE  HYDRANTS 

ALSO  THt  OLD  RELIABLE  lioekbed  hanufaoturir*  or 

"Holyoke"  Gate  Hydrairt        The  Vltian  Rate  Gontroiler 

WRITE  FOR  CIRCULARS 


GA.S'F    XFlOlNr    X>Xf>ES 

rOR   'WATKR    AND    GAS 

CHAS.   MILLAK   tO.   SON   CO.,   SvUlntf  Amenta 

Mtia  Offioa,  Utisa.  N.  Y. 
Iranek  OMv*  •  .  .  170   r*d*r*l  St..  Boston.    Mah 


Tbey  set  the  Pace 


ASHTON  POP  VALVES 
and...  STEAM  GAGES 

Superior  in  Quality  of  material  and  workman- 
ship, and  with  greatest  efficiency  and  durability,      N'o,  71,    R«arding  and 
they  challenge  comparison  with  any  others  on  Indicmng  Gig*. 

the  market.    Send  a  trial  order  subject  to  ap- 
proval ONLY  IF  SATlsKACTORV,  and  thereby  prove  the  claims  made  for 
ihem.     HIGH  GRADE  GOODS  OUR  EXCLUSIVE  SPECIALTY. 

Tbe  ASHTON  VALVE  CO.,  271  Franklin  Stmt,  BOSTON,  MASS, 


ADTEBTISEMKHTS. 


R.  D.  WOOD  (a  CO. 

400  CHESTNUT   STREET,  PHILADELPHIA,  PA. 


Entfineers,    Iron   Founders   and    Machinist* 

CENTRIFUGAL  PUMPS      /^       .    T  D' 

PUMPING  ENGINES         LiESt   ITOIl   F  IpC 

CUTTIHC-IM     TEES 


Uy  mufc  with  me  fttttnc.  &Tn 
■leevct  cuti>  lead  and  unmet  wary 
work  and  malnUL 

"Reduced  Specials" 

Coat  of  ftttlnn  Mducwl  bom  25% 
loSO%.  PvllHttagth.  Dccpbclk. 
GtovcDlant  to  handle.  Sold  by 
the  piece. 


Mathews 
Fire  Hydrants 

A  balf  century  ol  uM  haa  ertaMtihed  tb£lr  repotallaa  as 
bdng  the  matt  economical,  duriUc  and  dmple  hydrant. 

MamlMr  In  om  Mc««4t  total  of  ail  otkar 
■baKos  comblnod. 


Gate  Valves 


R.  D,  TOOD  &  00.  STANDARD 
DOUBLE  I»SK 

ANTI-FRICnON 

EXTRA  THGHT,  nraSH 
AND  MATERIAL 


ADTEBTI8EMKNT8. 


HUDLOW  VALVE  MFG.  GO. 


Valves  anj  Fire  Hydrants 

This  hydrant  is  anCi 'fraezing.  becsustt 
when  the  drainago  is  good  no  wat«r  is  left 
in  it  to  fraaze. 

The  drip  is  directly  in  the  bottom  of  the 
hydrant  and  drains  perfectly.  It  is  protected 
by  its  valve,  which  never  leaves  itt  socket 
and  cannot  be  clogged. 

OOUBLf  AND  RRE 

""valves,  "^"'""'^ 

ILSg  CHECI 

VALVES,  "«". «'!». 

f^j  m  FLUSH 

VALVES.  HYDRANTS. 

IT-  SEND    FOR    CIRCULARS.  -« 

OFFICE  AND  WORKS:    FOOT  OF  ADAMS  STREET,  TROY,   N.  Y. 


STANDARD  GAST  IRON  PIPE  &  FOUNDRY  GO. 

BRISTOL,  PA. 
CAST  IRON  PIPE  AND  SPECIAL  CASTINGS 

GENERAL  FOUNDRY  AND  MACHINE  WORK 


Plant  Located  on  Delaware  River 


Most  Modem  and  Best  Equipped  Shipments  made  Either 

Caat  Iron  Pipe  Plant  In  America  by  Water  or  Rail 
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THE     CHAPMAN 

Valve  Manufacturing  Co. 


Greneral  Office  and 
WorKs    ^  *  *  *  ^ 


Indian    Orcliard 
M  as  sac  liti setts 


Trma< 


M»rk 


Manufacturers  of 

Ualm  and  6ate$ 

for  all  purposes    ^    ^    Also 

am  fire  l^ydrams 


BRANCH    HOUSES 


BOSTON.  MASS. 

141  High  St. 

fiKW  YORK 

138  Center  St. 


toil  Filbert  St. 


14-16  No.  Franklin  St. 


Bd.  M.  Moore  &  Co. 
914  Farmers  Bank  Bldff. 

ST.  I^OUIS*  MO. 

Middsffh-CoUins  Co. 
8th  St.  and  Clark  Ave. 

SAN  FRAN..  CAI^. 

C.  C.  Moore  ft  Co. 

Bvrr AI^O,  N.  Y. 

"W.  A.  Case  CSl  Sons  Mlv*  Co. 

BllUf DfGHAM.  ALA. 

438  Brown-Marx  Bldg. 

DENV&R,  COLrO. 

M.  J.  0*Fal1on  Supply  Co. 

SYRACUtfS:.  N.  Y. 

309  OCS  Bank  Bldff. 


ADVEKTI8BHBNTB. 


The  "COREY" 
rRE  HYDRANT 


SUCCESSFUL      SUPERIOR 


SIMPLE 
DURABLE 


NSSELAER  VALVr 

ALL  SIZES  ALL  PRESSURES 

^ATER,  STEAM.  GAS.  OIL,  ETC 

ELECTRICALLY  OPERATED  VALVES 
Check  Valve*  Air  Valve* 

Indicator  Po»t» Valve  Boxe* 

CATALOGUE  UPON  APPLICATION 

eSSEUER  VAtYE  CO.,  Troy,  N.  ] 


CHICAUO.  IIIM-S 


Warren  Foundry  .Jj^MaeMne  Co. 


EstaWsM  ISSe 


IVorks  at  PhiUipsburg,  Si^ew  Jersey. 

Sales  Office,  in  'Broadway.  S^ew  York. 


Cast    Iron    Water 
and  Qas 


PIPE 


From  J  to  60  inches 
in  diameter. 


ALL  SIZES   OF   FLANGED   PIPE 
*^  SPECIAL  CASTINGS. 


ADVEBTISBU  ENT8. 


GRAVITY  AND  PRESSURE 

FILTERS 


The  New  York  Gontinental  Jewell  Filtration  Co. 

1S  BROAD  STREET  NEW  YORK 

167  DEARBORN  STREET        CHICAGO 


OWNERS  OP  THE   NEGATIVE   HEAD   FILTER   PATENT 


PITTSBURGH   FILTER   MFG.   CO. 

NORWOOD   ENGINEERING  CO. 

ROBERTS   FILTER   MFG.  CO. 


ENOUGH  WATER? 

If  BOl.  II  !•  probably   bvcana*    ot  lack  of  cairylDJ  capacity  of 
yonr  inalna.     Conanil  na. 


NATIONAL  WATER  MAD)  GLEANING  GO. 

ei  Park  Row  New  York  City 


ADTBBTI8EMENT8. 


WESTEM  OFFICE:  OSTERII  OFFICE: 

■HNUOIDCK  ILOG.  2»  IMMDWir 

CHKASO,  ILL  lEW  TOMt  Ctn 

FOR  WATER  AND  CAS 

McWane  Pipe  Works 


MAIN  OFFICE:   LYNCHBURC,  VA. 

FOUNDRIES: 
LYNCHBURC,  VA.  RADFORD,  VA. 


EMAUS  PIPE  FOUNDRY, 

DONALDSON  IRON  CO., 


CAST 
IRON 
PIPE 

1 

Special  Castings  for  Water  and  Gas. 

Also  Flange  Pipe,  Lamp  Posts,  Street  Castings, 

Manhole  Heads  and  Covers,  etc. 

GEORGE  ORMROD, 

J.G.EBERLE1N.  S«<«.77.  bMAUS, 

JCMN  D.  ORMROD.  .  „ 

v«.p™y™..«!Su,™««,-.  LEHIGH  COUNTY,  PA 


ADVEKTISEMENTS. 


CAST  IRON   PIPE 

All  Reculak  Sizes,  3  inches  to  84  inches 

FOR  WATER,  GAS.  SEWERS,  DRAINS,  etc. 

SEffD  FOR  STANDARD  SPSClF/CATIO/tS 


Railroad  and  Turnpike  Culverts 

Flange  Pipe  and  Flange  FrrnNGs 


HEAVY 

CASTINGS 

AND    THOSE     MADE 

FROM    ORIGINAL    DESIGNS 

United  States  Cast  Iron  Pipe  and  Foundry  Company 


SALES   OFFICES 

ciadwiy,  New  York  City. 


ADVERTISEMENTS.  XKUl 


THE  A.  P.  SMITH  MANUFACTURING  GO. 

EAST  ORANGE,  N.  J. 

rUuiafactiirert  of 

Tapping:  flachines.  Fire  Hydrants,  Water  Gates, 

Economic  Lead  Furnaces, 

Corporation  and  Curb  Cocks,        Brass  and  Aluminum  Castins^s. 

Also  Qeneral  Sopplles  for  Water  and  Qas  Woilcs* 


Write  for  Catalogue. 


JOMW  rOl  WCBOUIS  BWCKL 

JOHN  FOX  (Sl  CO. 

Cast  Iron 

Water  <bl  Gas  Pipes 

flange  pipe 

special  Castings.  Fire  H^^drants,  Valves   < 

Genar&l  Foundry  and  Machin*  VTorR 

353  BROAOVTAY  •  -  NKVT  YORK  CITY 

Postal  T*l*tfraph  B«tiiaintf 


HIGHEST  AWARD,  GOLD  MEDAL, 
ST.    LOUIS  EXPOSITION,    1904 


Over  100  Water  Departments 

use 

LEAD-LINED  IRON  and  TIN-LINED  PIPES 

for  their  service  connections 


MANUFACTURED  BY 


Lead  Lined  Iron  Pipe  Company 

Wakefield  __^=_=_  Mass. 


J 


XXIV  ADVSBTI8BMBNTS. 


ChadwicK-Boston  Lead  Co. 

162  Congress  St.,  Boston 

Asfcntt  for 

The  Celebrated  ''ULCO" 

LEAD  WOOL 

(Every  Atom  Pore  Lead) 

For  calking  pipe  joints  under  the  most 
difficult  conditions* 

For  overhead  joints^  or  in  wet  places 
where  the  use  of  molten  lead  is  not  only 
impracticable,  but  dangerous  —  LEAD 
WOOL  may  be  employed  to  advantage* 
It  makes  perfectly  tight  joints  to  withstand 
the  highest  pressures,  yet  sufficiently  elastic 
to  admit  of  considerable  sagging  or  settling 
of  the  pipe  without  causing  the  joint  to 
leak.  The  difference  in  this  respect,  as 
compared  with  the  poured  joint,  is  notable* 

NO  FIRE  -  NO  DANGER  -  NO  TROUBLE 

Lead  Pipe,  Tin  Lined  Lead  Pipe 

Pure  Block  Tin  Pipe,  Solder 

Pi^  Lead,  White  Lead 

and  Red  Lead 


ADVERTISEMENTS. 
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ero/h 


/erma 


rom  fermam/^ 


Came  fy^^v  MritKotit  paying  cltity»  too ! 

But  it  had  a  big  duty  to  perform,  so,  to  avoid  the  Import  Tax,  it  came  in  the 
form  of  a  formula  —  D\  R,  Dampf-Kessel-Mischung  is  what  the  Germans  call 
it.     Translated  into  boiler  talk  this  means 

'Raus  Mit  Xm— Scale 

And  that  it  does  "  'Raus  Mit  'Em  "  is  proved  by  the  fact  that  in  Germany 
and  Europe  eleven  large  factories  are  taxed  to  their  full  capacity  in  supplying 
the  enormous  demand. 

Perolin  German  Boiler  Compound 

was  first  introduced  in  this  country  two  years  ago.     During  this  short  period 

it  certainly  has  lived  up  to  its  home  reputation,  for  the  names  of  over  4,000 

customers  are  on  our  books  to- 
day, and  they  use  Perolin  exclu- 
sively. 

And  in  each  instance  Perolin 
went  in  "  on  trial,"  without  re- 
questing a  "Jug  of  Feed  Wate'r  " 
or  a ''  Sample  of  Scale  for  Chem- 
ical Analysis,"  for  the  source  of 
your  water  supply  and  the  char- 
acter of  scale  it  deposits  are 
merely  incidental. 

Perolin  will  increase  the  effi- 
ciency of  your  plant  and  lessen 

the  labor  of  the  fireman,  by  solving  the  scale  problem  at  a  lower  cost  than 

any  other  known  method. 

Write  for  a  copy  of  **  It  Doesn't  Affect  the  Water,"  which  tells  all  about  our 

proposition  and  the  guarantee  that  we  insist  upon  making. 

Eagle  Oil  ®  Supply  Co.    Bosto)^,  Mass. 

SPECIAI.TY   DEPARTMENT 


Est.  E.  D.  Jordan 

Jordan  Bldg*,  Boston 

EAGLE  OIL 

&  SUPPLY  CO* 

I  will  cheerfully  show 
any  skeptfct  as  I  was  at 
fMt  that  Perolin  does 
the  work  —  I  shall  con- 
tinue to  use  it  and  find  it 
cheaper  than  sal  ioda« 

Chief  Engineer 

Jordan  Bldg.,  Boston 


McLane  Mfg.  Co* 

mford,  N.  H. 

EAGLE  OIL 

&  SUPPLY  CO* 

Gentlemen  t 

We  have  been  usinff 
▼our  boiler  compound 
for  three  months  and 
find  it  will  remove  scakt 
and  we  do  not  observe 
any  injury  to  boiler* 

McLane  Mfg.  Co. 
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ADVBRTISBMBNTS. 


TMrelve  Reasons  Why 


Trai# 


€€ 


ff 


ItorK 


YOU  SHOUI^D  USE 

LEADITE 

■•tflftor*d  U.  S.  Patent  Ofllc« 

FOR 

Jointing(  Water  Mains 


1.  DURABILITY.     Leadite  joints  increase  in  strength  with  age. 

2.  NO  CAULKING.     Leadite  joints  require  no  caulking,  because 

the  Leadite  adheres  to  the  pipe,  making  a  water-tight  bond. 

3.  COMPARATIVE    QUANTITIES.      One   ton   of  Leadite   is 

equivalent  to  four  tons  of  lead. 

4.  LABOR   SAVING.     Saves  caulking  charges  and  digging  of 

large  bell-holes,  and  reduces  the  cost  of  trench  pumping  to 
the  minimum. 

5.  COST.     Its  use  saves  50  to  65  per  cent,  over  lead,  owing  to  the 

saving  effected  in  material  and  labor. 

6.  TOOLS.     As  no  caulking  is  required,  fewer  tools  are  needed. 

7.  TRANSPORTATION.     Considerable  freight  charges  are  saved 

because  Leadite  is  lighter  than  lead. 

8.  HAULING.     Saves  hauling  expense  on  the  work  because  you 

move  only  one  fourth  the  weight  of  jointing  material. 

9.  FUEL.     Saves  fuel  because  you  melt  only  one  ton  of  material 

instead  of  four,  and  not  as  much  heat  is  required  either. 

10.  DELIVERY.     We  can  make  prompt  shipments. 

1 1 .  DAMAGE  SUITS.     Claims  for  damages  caused  by  joints  blow- 

ing out  are  prevented  because  Leadite  joints  will  not  blow 
out  under  any  pressure. 

12.  USERS.     Progressive  water  works  all  over  the  country  use 

Leadite. 

MTRITK    FOR    BOOKI^ET 

THE  LEADITE  COMPANY,  Inc. 

LAND  TITLE  BVILDING  PHILAOELPHU 
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ni.TKKS  AND  VFATEK  SOPTENINO  PliANXS.  PAOB. 

New  York  ConUnental  Jewell  Filtration  Co zx 

XT 

«  .  .  .  .  XT 


Norwood  Engineering  Co. 
Bou  ValTe  ITf'gCo. .  .  . 


H.  Mueller  Mfg.  Co.* xlv 

The  A.  P.  Smith  MTg  Co xxUl 

The  Leadite  Co xxtI 

OAS  KBromrES. 

National  Meter  Co Ill 

OATES,    ITALVES,    ANO    HYUJtAN'rS. 

Aahton  Valve  Co xt 

Chapman  Valve  M*rg  Co xvltl 

Eddy  Valve  Co xxvU 

.John  Fox  A  Co xxlll 

Lodlow  Valve  MTg  Go xvll 

Norwood  Engineering  Co xv 

Rensselaer  Valve  Co xlx 

Roes  Valve  M'f'g  Co xt 

The  A.  P.  Smith  MTg  Co xxlll 

R.  D.  Wood  ft  Co xvl 

IBrSPECTlON    OF    11ATKR1AL.S. . 

Wm.  R.  Conard xll 

L.EAA    ASTD    PIPE. 

Chadwlek-Boston  Lead  Co xxlv 

Lead  Lined  Iron  Pipe  Co xxlll 

I^EADIXE. 

The  Leadite  Co xxvl 

(Ind€x  continued  on  pao*  xxx.) 


SI^UICK  GATKS,  CHECK  VAI^VKS,  AIR  VAI,VS:S» 

INDICATOR  POSTS,  S^TC. 


EDDY 


GATE  FIRE 

VALVES  HYDRANTS 

Hydraulically  and  electrically  operated  valves 

and  sluice  gates      Valves  designed 

for  all  kinds  of  service. 


EDDY  VALVE  COMPANY 

*      Waterford,  N.  Y. 

NEW  YORK    CHICAGO    BOSTON    SAN  FRANCISCO    PHILADELPHIA 


SCXYUl  ADVKUTISEMENTS. 


The 

Design  and  Construdtion 

of 

Water-Works  Systetas 

and  Novel  Features  in  their 

Management  are  given 

careful  attention  by 

THE 

Engineering  Record 

It  also  gives  prominence  to  ibe 

following  departments  of  a 

Water-Works  System: 


DAMS  PIPE  SYSTEMS 

AQUEDUCTS  WATER  TOWERS 

PUMPING  STATIONS  FILTERS 

SAMPI^E    COPIES    rR.KK 

Svbtcription  Price,  $3.00  a  Tear 

ENGINEERING  RECORD 

239  WEST  39TH  STREET  NEW  YORK 


ADVBETISBHENTS. 


The  Cooh  Well  Co. 

ST.  LOUIS,  MO.,  U.  S.  A. 

Cooh's  System  of  Wells 

For  CitlM,  Towns,  TUla^os,  Bailnwds,  Ico  Plants. 
Broworios  ond  Hnaafkctorios 


Cook's  Patent  Brass  Tube 
Well  Strainer 

Cook's  Deep  Well  Pumping  En^es 

ESTIMATES  FURNISHED  fPON  AFfLICATIOS 

WRITE  FOR  CATALOOl'E  AND  HAMPLRS 


New  England  Water  Works  Association 

STANDARD    SPECIFICATIONS 
roR 

Cast  Iron  Pipe 

AND 

Special  Castings 


Price  10  Cents 


Addres*,  WTICLARD  KENT.  Stcrwtary 

715  Tremont  Temple 

BOSTON,  MASS. 
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CLASSIFIED  DIRECTORY  OF  ADVERTISEMENTS  {Coiteludml). 

PAQB. 
MfiXBRS. 

BuffAlo  Meter  Co is 

Builders  Iron  Foundry xl 

Horsey  M'f'g  Co U 

National  Meter  Co 11 

Neptune  Meter  Co ▼! 

Pittsburg  Meter  Co tII 

Thomson  Meter  Co t 

Union  Water  Meter  Co x 

Henry  R.  Worthlngton     Till 

MI3XBK    BOXES. 

H.  W.  Clark  Co xll 

Uersey  MTg  Co. iv 

OIL.,    OKBASB,    BTC. 

Jos.  Dixon  Crucible  Co xH 

Eagle  Oil  and  Supply  Co xxt 


CanooB  MTg  Co xll 

Eagle  Oil  and  Supply  Co xxt 

PAinrrr. 

Eagle  Oil  and  Supply  Co xxt 

PI  PR    JOIIVTM. 

The  Leadlte  Co xxtI 

PKBfMUJKB   RBOlTLATOKfl. 

H.  Muell'^r  Mfg.  Co xIt 

Ross  Vslve  M*rg  Co xt 

Union  Water  Meter  Co x 

PUMPS    AlVn    PlJMPIlirO    BBrOlKEA. 

Bullderff  Iron  Foundry xl 

Cook  Well  Co xxlx 

National  Meter  Go Ill 

R.  D.  Wood  ft  Co xtI 

STRAIIVBKS. 

Cook  Well  Co xxlx 

TAPPIBTQ    MAC^HinrBS. 

H.  Mueller  Mfg.  Co xIt 

The  A.  P.  Smith  MTg  Co xxlll 

TOOI«8    ANB   SirPPLilBS. 

H.  Mueller  Mfg.  Co xlv 

H.  W.  Clark  Co xll 

The  A.  P.  Smith  MTg  Co xiUl 

Hays  MTg  Co xlU 

The  I.eadlte  Co xxtI 
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